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This  pool  of  Iziformation  on  the  results  of  codling  moth 
research  for  the  season  of  19^  ie  the  twelfth  of  a  series  of 
similar  summaries  prepared  annually  by  the  Bureau  of  Entomology 
and  Plant  Q^arantine,  Agricultural  Besearch  Administration,  U.  S. 
Department  of  Agriculture,  at  the  request  of  the  Committee  on  the 
Codling  Moth  of  the  American  A<ssociation  of  Economic  Entomologists. 
These  data  are  assembled  for  the  confidential  information  of 
workers  who  are  interested  in  the  codling  moth  problem.  The 
material  is  not  for  publication  and  is  therefore  not  available 
for  quotation  or  other  use  without  specific  permission  from  the 
agency  which  has  furnished  it. 


CALIFORNIA 


A.  D.  Borden,  California  Agricultviral  Experiment  Station, 
Berkeley 

I.         Seasonal  condition  and  status  of  infestation. 

The  "bait  trap  records  of  the  first  "brood  showed  a  decrease  in 
the  catch  of  adult  moth  as  compared  with  other  years  and  the  low 
temperatures  prevailing  in  May  and  June  apparently  lessened  first 
"brood  attacks.    Rising  temperatures  in  July  and  August  were  more 
favorable  to  a  second  "brood  attack  and  where  the  first  brood  sprays 
were  not  properly  timed  or  applied,  the  percentage  of  wormy  fruit 
was  fairly  high  at  harvest.     In  well  timed  prograjns  the  loss  of  fruit 
from  worms  was  very  lov/, 

III.  Results  of  control  experiments. 

A.      Control  by  insecticides. 

(l)    Lead  arsenate  -  Much  time  and  effort  was  spent  this 
season  in  trying  to  get  satisfactory  deposits  from  com- 
mercial spreaders  used  with  lead  arsenate.    Due  to  war 
conditions,  some  of  the  necessary  ingredients  in  these 
spreaders  were  not  available  and  substitute  materials 
were  used  which  generally  resulted  in  poor  deposits. 
This  condition  was  not  improved, as  the  season  advanced. 
Some  improvement  for  the  coming  season  is  promised, 

{k)    Organic  materials. 

(c)  Xanthone  -  Over  U,000  pounds  used  commercially 
by  growers  in  all  the  major  fruit  districts  with 
very  satisfactory  results  in  both  codling  moth  and 
mite  control.    Some  low  deposits  were  obtained  for 
the  lack  of  a  suitable  depositing  agent. 

(d)  Other  organic  materials.    Dow  DN-111  used  ex- 
tensively by  growers  for  mite  control  gave  good  re- 
sults where  applications  were  timed  with  occurence 
of  early  mites.    Many  poorly  timed  applications. 

IV.  Experience  of  growers  in  obtaining  insecticides  and  spray 
equipment  during  19^^. 

(l)  Rotenone — practically  none  available  for  thrip  control 
on  pears. 


(2)  Pyre  thrum— no  concentrate  available.  Pyrethrum  "marc" 
used  euccesBfully  on  cankerworme  and  tussock  moth  larvae. 

(3)  Nicotine  sulphate  supply  very  limited, 

(k)    Equipment  allocations  not  meeting  demand  for  replace- 
ments, introduction  of  a  limited  number  of  SPSSD 
SPBAYEBS  very  promising  in  relieving  man-power  shortage. 
This  equipment  gave  excellent  coverage  in  arsenical  cover 
sprays, 

7.        Use  of        in  codling  moth  control  on  Bartlett  Feeurs. 

(1)  Gelgy  20^  concentrate  in  oil  and  as  a  wettable 
material  used  as  delivered  at  a  dosage  equivalent  to 
one  pound  actual  DBf  per  100  gallons  in  cover  sprays 
following  two  arsenical  sprays  showed  no  worm  attack 
in  a  sampling  of  over  l+,000  fruit  from  eight  large 
trees.    Some  leaf  injury  occurred  from  the  material  in 
oil.    The  wettable  form  (Ar.20)  gave  excellent  wetting 
and  no  injury.    No  beneficial  insect  eggs  noted  on 
fruit  until  very  late  in  season.    Mites  appeared  earlier 
and  more  severe  on  DDT  sprayed  trees. 

(2)  Geigy  205^  concentrate  in  oil  controlled  pear 
thrips  larvae  and  leaf  roller  and  tussock  moth  larvae 
on  apples  and  pears  in  a  single  application  of  2,5 
quarts  per  100- gallons.    Some  leaf  inj\iry  noted. 


GALI7QSHU  (Continued) 

G-.  B.  Carman  and  C.  A.  Fleschner,  California  Agricultural 
Experiment  Station,  Eiverside. 


III.      CONTROL  EZPERIMSHTS 

Limited  field  tests  were  undertsiken  on  Rome  Beauty  Apples, 
Bartlett  Pears,  and  Kelsey  Plums,  to  determine  the  efficiency  of 
various  lead  arsenate  programs  and  the  value  of  other  insecticide 
materials,  particularly  DDT,  in  codling  moth  control.  Recommended 
grower  schedules  were  followed  and  the  timing  of  spray  applications 
was  determined  by  the  trend  of  bait  pail  catches  in  each  area  and  by 
periodic  field  observations. 
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The  DOT  materials  used  in  the  tests  were  supplied  hy  the  Geigy 
Company,  Incorporated.    On  apples  and  pears  these  preparations  were 
used  without  spray  supplements  except  for  a  small  amount  of  blood  albumin 
spreader  in  conjunction  with  the  DDT-oil  solution  (Gesarol  SHN20) .  The 
DDT-pyrophyllite  itiixture  (Gesarol  AK20)  was  slurried  with  water  before 
being  added  to  the  partly  filled  spray  tank.    Fungicides  were  not  re- 
quired in  any  of  the  spray  schedules, 

A.    Rome  Beauty  Apples,  Rivers  Banch,  Oak  Glen 

1,  lExperimental  set-up.    The  spray  schedules  employed  with 
the  test  materials  axid  the  dates  of  application  are  indicated 
in  Table  1.    Single  tree  replicates  were  used.    No  trees  were 
retained  as  untreated  checks.    The  results  of  the  test  were 
established  by  an  examination  of  all  drop  fruits  and  of  a 
BHiople  of  1000  harvested  fruits  from  each  tree. 

2.  Summary  of  results.     The  results  of  the  summarized  codling 
moth  data  and  of  the  analyses  for  surface  residues  of  DDT  at 
harvest  are  given  in  Table  1.    All  analyses  for  DDT  residues 
reported  in  this  paper  were  ma.de  by  Mr.  F.  A.  Gunther  of  this 
Station  using  the  dehydrohalogenation  method  developed  by  him. 

The  DDT-pyrophyllite  mixt\ire  gave  outstanding  codling  moth 
control,  and  the  practical  dosage  appeared  to  be  slightly  less 
than  5  pounds  per  hundred  gallons  of  water.    The  heavy  residues 
from  these  sprays  resulted  in  splotchy  fruit  coloring.  Greatly 
increasing  the  time  between  applications  of  DDT  or  discontinuing 
all  applications  after  early  cover  sprays  gave  inadequate  pro- 
tection.   However,  in  commercial  practice,  sufficient  control 
of  first  brood  worms  with  DDT  might  maJce  possible  certain 
modifications  in  the  spray  schedule  against  later  broods..  No 
injury  to  foliage  or  fruit  was  observed  from  any  of  the  treat- 
ments, and  2  or  3  qtiarts  of  DDT-oil  solution  could  probably 
be  applied  safely  with  an  Increase  in  efficiency  over  the 
schedtiles  used  in  this  test. 

VOiile  Tetreuiychid  mites  did  not  become  a  problem  in  the 
test  orchard,  large  numbers  of  Bryobia  mltes  were  observed 
on  all  trees  except  for  only  limited  numbers  on  the  xanthone 
sprayed  trees.    Woolly  apple  aphid  colonies  developed  in 
significantly  larger  numbers  on  lead  arsenate  sprayed  trees 
than  on  DDT  sprayed  trees, 

DDT  surface  residue  analyses  substantiated  the  codling 
moth  data  in  indicating  a  loss  and/or  decomposition  of  the 
compomd  follcvring  spray  applications  on  fruit. 


TABLE  1.     CODLII.G  MOTH  Tk6'i        ROME  EEAPTY  APPLES-.  OAK  GLEN 
Note:    A  calyx  spray  of  lead  arsenate  (3-100)  was  applied  by  grower  to  entire  test  block.  May  18-19. 


Composition  and  schedule  of  cover  sprays 
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DDT 

residues 
Worms    Stings    in  p. p.m. 
per       per         wet  weight 
-    100        100         October  , 
trees      Wormy  Stung  Clean    fruits  fruits    26  2/ 


Number 
of 


Per  cent 


1.  Gesarol  AK20"'(lbs.)  2^ 

2.  Gesarol  AK20  (lbs.)  5 

3.  Gesarol  AK20  (lbs.)  7^ 

4.  Gesarol  AK20  (lbs.)  5 

5.  Gesarol  AK20  (lbs.)  5 

6.  Gesarol  AK20  (lbs.)  5 

7.  Gesarol  AK20  Clbs.)  5 

8.  Gesarol  AK20  (lbs.)  5 

2/ 

9.  Gesarol  SHN20     (qts.)  1 
Blood  albumin  spreader(ozs )2 

10.  Gesarol  SHN20  (qts.)  2 
Blood  albumin  spreader { ozs ) 2 

11.  Gesarol  Sra20  (qts.)  1 
Blood  albumin  spreader( ozs )2 

12.  Gesarol  SHN20  (qts.)  1 
Blood  albumin  spreader (ozs ) 2 

13.  Gesarol  SHN20  (qts.)  1 
Blood  albumin  spreader ( ozs ) 2 

14.  Gesarol  SHN20  (qts.)  1 
Blood  albumin  spreader (ozs )2 

15.  Acid  lead  arsenate  (lbs.)  3 

16.  Acid  lead  arsenate  (lbs.)  3 
Xanthone  3/  (lbs.) 
Genifllm  A  i/  (ozs. ) 
Kerosene  ("qts.) 

17.  He  761        (lbs.,)  1 
Pyrophyllite  6/  )(ibs.)  4 


5  5 
Vi  7i 
5 

5 

5  5 


2| 
5 

-ri 


5 

'  2 

5 


5 

7* 


5 

5 

5 

5 

5 

5 

5 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

1 

1 

2 

2 

1 

1 

1 

2 

2 

2 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 

8 

8 

8 

8 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4 

4 

4 

4 

4 

5 

2.8 

7.5 

89.7 

3.0 

11.1 

1.7 

5 

0.8 

2.8 

96.4 

0.9 

3.6 

5.2 

5 

0.7 

3.4 

95.9 

0.8 

4.4 

7.0 

5 

10.0 

14.3 

75.7 

11.4 

26.0 

1.0 

2 

32.5 

12.4 

55.1 

43.8 

34.9 

0.0 

2 

20.6 

11.8 

67.6 

27.2 

28.5 

0.4 

1 

7.5 

10.8 

81.7 

10.2 

17.6 

0.5 

2 

1.1 

4.2 

94.7 

1.2 

4.8 

L.3 

5 

11.4 

11.8 

76.8 

13.7 

22.0 

1.0 

5 

8.3 

8.5 

83.2 

9.7 

•14.5 

1.7 

2 

60.2 

8.5 

31.3 

80.8 

32.4 

0.0 

2 

34.8 

9.2 

56.0 

42.5 

22.4 

0.2 

2 

32.1 

12.0 

55.9 

46.8 

35.1 

0.3 

2 

14.8 

10.2 

75.0 

17.6 

20.7 

0.0 

5 

33.7 

18.8 

47.5 

45.3 

61.7 

5 

16.3 

7.5 

76.2 

19.2 

16.0 

5 

31.8 

25.3 

42.9 

38.4 

65.8 

1/    A  milled  mixture  of  20  per  cent  DDT  and  80  per  cent  pyrophyllite  snpplieTi  by  the  Seigy  Co.,  Inc. 

2/    A  solution  of  20  per  cent  DDT  in  a  summer  type  oil  and  mutual  solvent  supplied  by  the  Geigy  Co.,  Inc. 

3/    A  proprietary  mixture  of  dibenzo  gamma  pyrone  and  dibenzo  gamma  pyrone  derivatives  supplied  by  the 
General  Chemical  Company,  and  marketed  as  Geniolde. 

4/    A  spray  supplement  supplied  by  the  General  Chemical  bompany  for  use  with  Genicide  in  spray 
suspensions. 

5/    Experimental  compound  furnished  by  the  Rohm  and  Haas  Company. 
6/    Pyrax  ABB  supplied  by  the  R.  T.  Vanderbilt  Company. 

7/    DDT  residue  analyses  were  made  by  Mr.  F.  A.  Gunther,  Citrus  Experiment  Station,  Riverside,  California. 
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3.    Removal  of  DDT  a-urface  residues.     The  anples  used  in  the 
wash  tests  were  sampled  from  trees  which  received  7  l/2  pounds 
of  DDT-pyrophyllite  mixt\ire  in  six  cover  sprays.    The  tests 
were  r\in  in  a  flood- type  washer  of  recent  design.  Duplicate 
samplfts  of  ^  apples  each  were  taken  from  each  wash  for  the 
residue  analyses.    An  additional  sample  was  taken  and  the 
apples  placed  in  cold  storage.    The  wash  procedures  and  the 
results  of  DDT  residue  analyses  on  washed  fruits  are  given  in 
Tahle  2. 

All  washes  reduced  the  DDT  residues  appreciably  and  com- 
binations of  IN-131-P  washes  and  sodium  silicate  washes  appeared 
to  "be  most  efficient.    Greater  difficulty  would  "be  expected  if 
DDT  was  applied  in  the  calyx  spray.    In  some  instances,  slight 
visible  deposits  remained  in  the  blossom  and  stem  ends  following 
the  wash. 

Under 'natural  conditions  the  DDT  surface  residues  on  fruits 
left  on  the  trees  for  the  wash  tests  dropped  from  9*5  p. p. a.  wet 
weight  on  October  Uth  to  3*3  p.p.ni.  wet  weight  on  November  11th. 

U.    Penetration  of  DDT  into  apple  fruits.    Preliminary  studies 
were  made  to  determine  if  any  DDT  penetrated  the  apples.  Samples 
of  ^  apples  each  were  taken  from  trees  which  were  sprayed  in 
six  covers  with  the  DDT-pyrophyllite  mixture  or  v/ith  the  DDT-oil 
solution.    To  remove  most  of  the  surface  deposit  the  apples  were 
thoroughly  scrubbed  with  a  brush  in  a  warm  solution  of  tri-sodium 
phosphate.    The  apples  were  then  stripped  with  benzene  and  the 
amount  of  DDT  remaining  on  the  surface  after  the  scinibbing  was 
determined.    The  benzene  strip  also  insured  complete  removal  of 
DDT  on  the  surface  which  was  necessary  since  the  entire  fruit 
minus  the  core  was  utilized  in  the  determinations.    The  data 
obtained  from  these  studies  are  presented  below: 


DDT  residue  in  p.p.m.  wet 

weight 

Sxirface  deposit 

Original 

after  scrubbing 

surface 

with  trisodlum 

Within 

Treatment 

deposit 

phosphate 

fruits 

Gesarol  AK20  at  7-1/2  lb. 

7.0 

0.5 

0.0 

per  100  gallons  water 

7.0 

0.5 

0.0 

7.0  1/ 

0.J+ 

Gesarol  SHN20  at  1  qt. 

1.0 

O.U 

lost 

per  100  gallons  water 

1.0 

O.U 

1^/    This  sample  was  not  stripped  with  benzene  after  the  scrubbing 
with  tri sodium  phosphate  in  order  to  determine  whether  or  not 
benzene  stripping  carries  any  surface  DDT  inside  the  fruit. 
Since  the  total  p.p.m.  for  all  three  of  these  samples  are  the 
same  (well  within  experimental  error) ,  it  may  be  concluded  that 
benzene  stripping  procedure  did  not  carry  any  DDT  into  the  apples. 
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TABLE  2,     WASH  TESTS  FOR  REMOVAL  OP  DDT 


SURFACE  RESIDUES.  FLQOD-TITE  TANDEM  WASHER 


Note*    DDT  residue  analyses  were  made  by  Mr.  F.  A.  Gunther,  Citrus 
Experiment  Station,  Riverside,  California. 


Materials  residue 
-  :   in 


Sequence     .       p. p.m.  Per  cent 

Date       First  tank       Second  tank  of  Wash    i/    wet  weight  removal 


2/ 


1.10-  4-44  Sodium  sili- 

cate (70  lbs- 
100)  heated 
to  110^  F^ 

2.11-  1^44 


3.11-1-44  Sodium  sili- 
cate (82  lbs- 
100)  heated 
to  102°  F. 


4.10-29-44 


\  5.11- 


1-44 


6.11-1-44 


Hydrochloric 
acid  (1.25 
per  cent) 


Hydrochloric 
acid  (1.25 
per  cent)  plus 
ferric  chlo- 
ride (1  ounce - 
100) 

Hydrochloric 
acid  (1.25 
per  cait)  plus 
ferric  chlo- 
ride (1  ounce - 
100) 

4  per  cent  so- 
lution of  sod- 
Ivaa.  hypochlorite 
(3  pts.-lOO) 


A-B-C-D-B 


C-D-E-C-D-E 


A-B-C-D-E 


C-D-E-C-D-E 


^^7.11- 


11-44  Trisodlum 
phosphate 
(4  lbs -100) 
heated  to 
108°  F. 


8.10-29-44  Sodium  sill-  Water  only 

cate  (12  lbs. 

-100)  heated 
■  to  107°  P. 


6  per  cent  so- 
lution of  sod- 
ium hypochlorite  C-D-E 
(2  qts.-lOO)  C-D-E^C-D-E 

Mermaid  Soap^ 

(4  lbs. -100)  C-D-E-'C-D-E 

Water  only 


A-B-A-B-C-D-E 


A-B-C-D-E 
A-B-C-D-E 


1.6 


0.8 
1.0 


0.6 
0.6 


0.5 
0.7 


0.4 
0.4 

0.5 
0.2 


0.3 
0.3 


0.5 
0.6 


83 


82 


88 

90 

92 
93 


91 


91 
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TABLE  2.  (CONTINUED) 


Materials 


Date 


First  tank 


Second  tank 


DDT  residue 
in 

Sequenae  ,  p. p.m.  Per  cent 
of  wash  i/    wet  weight  removal 


4/ 

9.  11-11-44     Sodium  sili-  IN-181-P 

cate  (70  lbs.-  (1  ounce-100) 
100)  heated  to 
108*  F. 

10.  11-11-44    Sodium  sili-  IN-lBl-P 

cate  (70-  lbs.     (1  ounce-100) 
-100)  heated  to 
72°  F. 

11.  10-29-44    Sodiiam  sili-  IN-181-P 

cate  (72  lbs.-  (1  ounce-100) 
100)  heated  to 
107°  F. 

12.  11-11-44    Sodium  sili-  IN-181-P 

cate  (70  lbs.-  {1  ounce-100) 
100 jl  heated  to 
108°  F. 


13.  11-5-44 

14.  11-5-44 

15.  11-5-44 


IN-181-P 

(2/3  ounce-100) 


IN-181-P 
(2/3  ounce-100) 
heated  to  100° 
F. 

IN-181-P 
(2/3  ounce-100) 
plus  sodiiom  sili- 
cate (70  Ibs.- 
100)  heated  to 
108*^  F. 


A-B-C-D-E 
C-D-E-A-B 

C-D-E-A-B 

C-D-E-A-B 
C-C-D-E 

A-A-D-E 


0.5 
0.6 


0.3 
0.3 


0.1 
0.1 


0.3 
0.4 

0.3 
0.3 


0.3 
0.4 


84 
91 

98 

90 
95 

92 


A-A-D-E 


0.4 
0.4 


91 


1/    A-First  tank  of  washer  (approximately  300  gallons);  B-Water  apray  between 
tanks;  C-Second  tank  of  washer  (approximately  400  gallons);  D-Water  rinse 
bath  and  water  spray  after  second  tank;  E-Velour  drier. 

2/    Philadelphia  (Quartz  Company. 

3/    Proprietary  sodium  salt  of  a  fatty  acid  supplied  by  the  Los  Atxgeles  Soap  Cc 
4/    A  powder  containing  51  per  cent  sodium  lauryl  sulfate  supplied  by  the 
E.  I.  DuPont  de  Nemours  and  Company,  Inc. 


B.    Bartlett  Fears,  Bones  Ranch,  Little  Rock 


The  field  test  was  -undertaken  to  determine  the  value  of 
proposed  changes  in  the  lead  arsenate  spray  program  and  to  test 
spray  schedules  of  the  two  base  materials  of  DDT.  Supplements 
were  used  with  lead  arsenate  in  the  calyx  sprays  in  an  effort  to 
increase  the  sumount  of  poison  deposited  in  the  calyces  and  a 
gallon  of  petroleum  oil  was  applied  in  the  first  cover  spray  to 
provide  for  mite  control  without  creating  a  residue  removal 
problem  as  it  was  anticipated  a  later  oil  spray  might. 

The  spray  schedules  and  codling  moth  data  are  given  in  Table 
3.    The  EDT-oil  solution  applied  at  the  rate  of  2  quarts  in  the 
first  calyx  spray  gave  some  foliage  injury  and  applications  were 
discontinued  until  the  safety  of  the  lower  dosage  was  established. 
The  supplemented  lead  arsenate  sprays  in  the  calyx  applications 
gave  improved  control  but  none  of  the  tested  materials  was  signifi 
cantly  better  than  the  others.    Poor  control  of  two-spotted  mites 
resulted  on  all  of  the  lead  arsenate  sprayed  trees,  and  observa- 
tions in  other  orchards  in  the  district  indicate  that  the  oil 
spray  can  be  made  in  the  second  cover  with  better  mite  control 
and  without  complications  in  residue  removal.    DDT  sprayed  trees 
did  not  bronze  appreciably  from  two-spotted  mite  injury.  However, 
tremendous  numbers  of  Eryobia  mites  were  present  on  all  trees  in 
the  test  block,  and  particularly  on  the  DDT  trees  which  remained 
green  and  were  not  defoliated  early. 

DDT  residue  and  penetration  studies  v:ere  made  on  pears  and  the 
results  are  summarized  below. 


 DDT  residue  in  p.p.m.  wet  weight  

Before  washing        After  washing  1/    Within  fruit 
Surface    Calyx         Surface    Calyx  2/    With  Without 


Treatment  deposit    only  deposit    only  calyx  calyx 


Qesarol  AK20 
(see  Table  3) 

1.0 

15.0 

0.6 

16.0 

Gesarol  SHN20 
(see  Table  3) 

0.1 

0.0 

0.1 

0.0 

1.7 

i.U 

1/    Washing  procedxire  consisted  of  subjecting  the  fruits  to  the  con- 
ventional 1,5  percent. hydrochloric  acid  bath  in  regular  fruit  washing 
equipment  as  used  for  the  removal  of  lead  arsenate  residues. 

2/    Based  on  weight  of  excised  calyces  only. 
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TABLE  3.     CODLING  MOTH  TEST  ON  BARTLETT  PEARS.  LITTLE  ROCK 


Spray  Schedules 

^  ,  „  Per  cent 

Calyx  sprays  Cover  sprays 

Tit  2nd  IsF    iSna    3rd  4th   

April  April  May  June  July  August    Wormy  Wormy  Stung 

Materials  (unit  of  measure)  15,17  22,23  19      13      6        1         calyx  side 

1.  Geaarol  AK20  (lbs.)              7i  10  10      10      10      2^         0,2      2,1  1.3 

2.  Gesarol  SHN20  (qta.)             2  —  1111  4.8    11.1  6.1 

Blood  albiamin  Spreader  (ozs') 2  —  2       2       2  2 

3.  Acid  lead  arsenate  (lbs.)    4  4  3              __      —       28.3    19.2  1.8 

Blanket  spray  (lead 

arsenate  3  Iba.'f  spreader)--  —  --        X       X  X 

4.  Acid  lead  arsenate  (lbs.)     4  4  3      —      —      —        16.6    18.0  1.7 

Ortho  K  NW  Plowablei/(pts . ) 1  1  8  -- 

Blanket  spray                         —  —  —  XXX 

5.  Acid  lead  arsenate  (lbs.)     4  4  3                       —        14,7    17,4  1.9 
Mixol  powder  2/  (ozs.)          5  5  5 

Ortho  K  NW  Flowable  (gal.)  —  —  1 

Blanket  spray  —  —  XXX 

6.  Acid  lead  arsenate  (lbs.)    4  4  3      —      —      —       13.8    17.0  3.8 

XXX  Flowable  6Q  3/  (pts.)     1  1  8      —      --  — 

A-C  Spreader  1/  (ozs.)          2  2  2 

Blanket  spray                        —  —  —  XXX 

7.  Acid  lead  arsenate  (lbs.)     4  4  3  19.5    17.0  1.4 
OrthoK  NW  Flowable  (pts.)     1  1  8      ~      —  — 

HiSpred  casein  spreader  5/ 

(ozs.y    8  4 

Blanket  spray                        —  --—XXX 


1/,  2/    California  Spray  Chemical  Corporation. 

4/    Leffingwell  Company. 
5/  Nico-Dust  Manufacturing  Company. 
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AiiJily^irig  of  the  strip  solutions  from  pear  samples  taken  from 
the  trees  of  each  lead  arsenate  spray  schedule  has  been  inadvertently 
delayed.     Strips  of  the  entire  fruits  have  been  prepared  in  triplicate 
for  each  treatment  and,  in  addition,  strips  of  the'  excised  calyces  only 

from  oth-'^r  sa.mples  h-ive  been  obtS!ined.> 

C.      Kelsey  Plums,  Stensgaard  Orchard^  Pomona 

Because  of  the  difficulty  growers  have  experienced  in  controlline 
codling  moth  on  Kelsey  plums  with  basic  lead  arsens-te,  the  spray 
schedules  shown  in  Table  h  were  tested  this  past   season.  Araenicals 
and  fluorine  compounds  can  only  be  applied  early  in  the  season  since 
washing  of  the  fruits  is  prohibitive;  hence  careful  timing  of  the 
sprays  ie  required  to  prevent  a,  build-up  for  a  large  second  brood. 
Since  the  use  of  acid  lead  arsenate  involved  the  likelihood  of 
severe  arsenical  injury  several  corrective  materials  were  tested 
with  this  insecticide.    Hydrated  lime  appeared  to  safen  the  acid 
lead  arsenate  with  a  concomitant  loss  in  toxicity  to  the  larvae. 
In  the  presence  of  zinc,  the  injury  from  acid  lead  arsenate  was 
greater  than  v/hen  it  was  used  alone  as  in  schedule  3« 

Phenothiazine  sprayed  trees  produced  measureably  larger  fruits. 
DDT  materials  were  effective  and  did  not  cause  any  apparent  injury. 
It  is  probable  that  DDT  would  ^ive  mich.  better  control  when  used 
throughout  a  planting  as  most  of  the  injuries  on  DDT  sprayed  trees 
resulted  from  second  brood  worms.    Residue  analyses  indicate  that 
there  was  practically  no  DDT  residue  on  the  plums  during  this  period 
of  codling  moth  attack.    Xanthone  (Genicide),  not  listed  in  Table  U, 
was  applied  at  the  rate  of  2  pounds  per  hundred  gallons  of  water  in 
this  field  test  but  injuries  to  the  fruit  from  these  early  applica- 
tions were  severe  and  the  plums  were  not  harvested. 

Limited  studies  were  made  of  the  surface  residues  of  DDT  at 
harvest  and  of  the  possible  penetration  of  DDT  into  plums.  The 
results  are  summarized  below s 


DDT  residue  in  p. p.m.  wet  weight 
Treatment  Surface  deposit     Within  fruit  1/ 


Gesarol  AK20  (5  Ih.) 

0.5 

0.0 

0.5 

Gesarol  AK20  (5  lb.)  +  Orthex  (l  pt.) 

0.0 

0.0 

0.0 

Gesarol  AK20  (5  lb.)  +  Colloidal  "77" 

0.0 

0.0 

(k  oz.)  +  Light  medium  oil  (l  qt.) 

Gesarol  AK20  (lO  lb.)  +  Orthex  (1  pt.) 

0.7 

0.0 

0.6 

l/    Two  factors  make  these  penetration  studies  indefinite:     (l)  the  intense 
red  color  of  the  final  titration  sample  precluded  exact  determination  of 
the  end-points,  and,  (2)  the  samples  were  inadvertently  dried  at  80°  C, , 
instead  of  65°  C.  and  this  temperature  could  have  caused  some  decompositioi 
of  any  DDT  that  may  have  been  present. 
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TABLE  4.     CODMNG  MOTH  TEST  OH  KELSEY  PLUMS.  POMONA 
Note:    Spray  applications  May  8-10  and  May  24-26.    Harvest,  August  26-28. 


Materials  per  100  gallons 


Per  cent  Average  leaf  drop,  per  tree 


Wormy  Stung 


June  8-12 


June  12-20 


1.  Basic  lead  arsenate,  4  lbs.  12,2  4.2 

2.  Basic  lead  arsenate,,  4  lbs.  6.7  3.5 

Orthex  2/^  1  pt, 

3.  Acid  lead  arsenate,  3  lbs.  3.5  2.6 
Orthex,  1  pt. 

4.  Acid  lead  arsenate,  3  lbs.  8.2  3.9 
Hydrated  lim^,  16  lbs, 

Orthex,  1  pt. 

5.  Acid  lead  arsenate,  3  lbs.  6.4  2.7 
Zinc  sulfate  monohydrate ,  5  lbs. 

Hydrated  lime,  8  lbs. 
Orthex,  1  pt. 

6.  Acid  lead  arsenate,  3  lbs.  1.8  2.0 
Delmo-Z  "kf  1/2  I'b. 

Orthex,  1  pt. 

7.  Acid  lead  arsenate,  3  lbs.  3.3  2.2 
Safe-N-lead         1  lb.  , 

Orthex,  1  pt. 

8.  Cryolite         3  lbs. 

Orthex,  1  pt.  10.2  2.8 

9.  Black  Leaf  155^,  3  lbs.  7.4  2.8 

Orthex,  1  pt. 

10.  He761     ,  1  lb.  5.9  3.0 
Pyrax  ABB,  4  lbs . 

Orthex,  1  pt. 

11.  Phenothiazine,  4  lbs.    '  7.0  3.3 
Orthex,  1  pt. 

12.  Gesarol  SHN20,  1  qt.  5.4  2.0 
Blood  albiomln  spreader,  2  oz. 

13.  Gesarol  SHN20,  2  qts .  1.9  1.4 

Blood  albumin  spreader,  2  oz. 

14.  Gesarol  AK20,  5  lbs.  2.7  1.2 


15 
6 

36 

8 

191 

158 
35 

5 
16 

8 

8 
13 
6 

10 


169 
45 

ol8 

60 

1835 

1554 
512 

65 
76 

29 

60 
107 
41 

66 
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TABLE  4.  (CONTINIJED) 


Materials  per  100  gallons 


Per  cent         Average  leaf  drop  per  tree 


Wormy  Stxing 


1/ 


Jime  8-12 


June  12-20 


15.  Gesarol  AK20,  5  lbs. 
Orthex,  1  pt. 

16.  Gesarol  AK20,  10  lbs, 
Orthex,  1  pt . 

17.  Gesarol  AK20,  5  lbs . 
Colloidal  "77"  I/,  4  oz. 
Light  medium  oil,  1  qt. 


1.5  1.2 


0,8  0.9 


;.7  1,4 


8 


10 


51 
70 

70 


1/    Total  number  of  leaves  counted  in  area  between  circles  described  with 
radii  3  feet,  and  5  feet  from  tree  trunks. 

2/,  3/ 

California  Spray  Chemical  Corporation. 
4/    She rwln -Will lams  Company. 
5/    Aluminum  Company  of  America. 

6/    Tobacco  By-Products  and  Chemical  Corporation,  Inc. 
7/    Colloidal  Products  Corporation. 


-  15  - 


CALIPOBNIA  (Continued) 


A.  E.  Michelbacher,  University  of  California,  Berkeley. 


CONTROL  or  COIg.ING  MOTH  OH  PAYIBB  7AHIETY  OF  VALHUT 


In  our  investigation  on  the  control  of  the  codling  moth  at 

Linden,  best  control  was  obtained  where  trees  were  sprayed  twice  with 
DDT,    The  first  application  was  made  May  9  second  on  June  26. 

The  composition  of  the  first  spray  was  as  follows: 


For  the  first  spray  the  DDT  was  slowly  added  to  the  tank  when 
it  was  one-half  full  of  water  while  for  the  second  the  DDT  and  blood 
albumin  were  thoroughly  mixed,  then  sltirried  and  the  mixture  slowly 
added  to  the  tank  when  one-half  full.    The  sprays  were  applied  with  a 
Bean  sprayer  through  a  Meyer  g\m  at  a  pressure  of  approximately  300 
poTxnds,    Thirty  to  thirty-five  gallons  were  used  per  tree  for  the  first 
spray,  and  from  twenty  to  thirty-five  gallons  for  the  second. 

Where  the  two  sprays  were  applied,  no  infested  nuts  were  found 
in  the  harvested  crop.    Where  trees  had  only  received  one  spray  applica- 
tion on  May  9i  0,9  of  one  percent  of  the  nuts  were  Infested,    The  degree 
of  infestation  in  the  harvested  crop  from  the  check  trees  was  18.63  per- 
cent, 

A  rather  serious  walnut  aphid,  Chromaphis  Juglandicola  (Kltb.) 
infestation  developed  on  the  trees  sprayed  with  DDT.    This  occurred 
despite  the  fact  that  DDT  was  effective  in  killing  the  pest.    The  spray 
also  killed  the  predators.    From  observations  it  appeared  that  the  DDT 
remained  effective  longer  against  the  aphid  predators  than  it  did 
against  the  aphid.    As  a  result  the  aphid  had  an  opportunity  to  become 
established  and  built  up  a  large  pop\xlation  before  the  controlling  in- 
fluence of  its  predators  and  probably  its  parasites  came  into  operation. 


20  percent  DDT  (&eigy  material  with  wetting  agent) 
Water   


5  pounds 
100  gallons 


The  composition  of  the  second  spray  was:. 


20  percent  DDT  (Geigy  material  without  wetting 

agent)  


5  pounds 
U  ounces 
100  gallons 


Blood  alb\imin 
Water   


Standard  lead  arsen&te  vlth  a  safener  was  compared  with  basic 
lead  arsenate.  The  former  proved  to  be  the  most  effective,  altho\igh 
both  materials  gave  very  good  control. 
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The  composition  of  the  sprays  used  in  the  tests  was  as  follows: 
Standard  lead  arsenate  treatment 


Standard  lead  arsenate   3  pounds 

Delmo  Z  (a  commercial  basic  zinc- sulfate 
product  which  is  used  as  a  safener  for 
standard  lead  arsenate  and  which  contains 
^0  percent  zinc  expressed  as  metallic)    1  pound 

A  liquid  spreader  and  sticker  <   l/2  pint 

Medium  soluble  oil    l/3  gallon 


Water    100  gallons 


Order  of  mixing:    standard  lead  arsenate  and  Delmo  Z  slurried 
and  added  to  tank  when  water  was  about  up  to  agitator  rod,  spreader 
added  immediately  after  this,  and  the  oil  added  when  the  tank  was  2/3 
to  3/U  full. 


Basic  lead  arsenate  treatment 

Basic  lead  arsenate   k  pounds 

Medium  soluble  oil    l/3  gallon 

Spreader  (Wy)  ,  2  2/3  ounces 

Water   100  gallons 


Order  of  mixing:    oil,  spreader  and  lead. 


For  best  control  two  sprays  were  necessary;  one  to  take  care  of 
the  first  brood  and  a  second  to  control  the  second  brood.    Where  standard 
lead  arsenate  was  applied  on  May  1  and  May  29,  1.26  percent  of  the  nuts 
in  the  harvested  crop  were  infested.    The  basic  lead  arsenate  treatment 
that  gave  best  control  was  where  the  first  spray  was  applied  on  May  1 
8uid  the  second  on  May  18.    With  this  treatment  1,^1  percent  of  the  nuts 
in  the  he.rvested  crop  were  infested. 
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other  basic  lead  arsenate  treatments  studied  were  as  follows: 


Sprayed  once  ......  May  1 

Sprayed  once  May  29 

Sprayed  twice  May  1  and  29 

Sprayed  twice  May  1  and  June  26 

A  summary  of  the  restilts  obtained  with  the  standard  and  basic  lead 
arsenate  treatments  is  given  in  Table  1.  Sach  treatment  was  replicated  7 
times  in  a  Latin  square. 


Table  1:       Comparison  of  Sereral  Spray  Treatments  in  Controlling 

Codling  Moth  in  tne  Harvested  Walnut  Crop 


Treatment  and  date 

Percent  infested 

Percent 

Percent 

of  application 

Good* 

Culls** 

Total 
infested 

Culls  other 
than  infested 

Good  Nuts 

Check 

9.62 

3.37 

13.00 

6.00 

80.99 

Basic  lead  arsenate 
May  1 

2.8^^- 

1.11 

3.96 

7.81 

88.22 

Basic  lead  arsenate 
May  29 

U.68 

2.61 

7.29 

7.69 

85.00 

Basic  lead  arsenate 
May  1  and  18 

0.98 

l.i+1 

8.62 

89.96 

Basic  lead  arsenate 
May  1  and  2$ 

1.62 

0.68 

2.30 

9.79 

87.89 

Basic  lead  arsenate 
May  1  and  June  26 

1.67 

0.86 

2.53 

8.88 

88.57 

Standard  lead  arsenate 
May  1  and  29 

0.86 

0.^ 

1.26 

8.00 

90.73 

Huts  rendered  culls  dae  to  worms. 


**    Nuts  attacked  by  worms  but  would  hare  been  classed  as  culls  to  other 
causes. 
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AlthoTjgh  the  information  given  in  Table  1  clearly  shows  the  relative 
effectiveness  of  the  various  spray  treatments  in  reducing  the  ntunher  of  in- 
fested nuts  in  the  harvested  crop,  it  does  not,  however,  show  to  what  degree 
the  nut  crop  was  protected  by  the  treatments.    This  is  because  early, in- 
fested nuts  usxially  fall  prematurely  and  thus  are  not  registered  in  the 
harvested  crop.    The  effectiveness  of  treatment  is  best  shown  in  figure  1 
where  total  good  nuts,  infested  nuts  and  culls  other  than  infested  in  the 
harvested  crop  are  plotted.    This  shows  that  the  yield  of  good  nuts  for  the 
check  trees  falls  far  short  of  that  of  any  of  the  spray  treatments. 

Investigation  work  on  the  control  of  the  codling  moth  was  undertaken 
in  the  Sacramento  Valley  at  Gridley.    Poor  control  was  obtained  with  the 
basic  lead  arsenate  treatment  that  proved  effective  at  Linden.    An  investi- 
gation as  to  the  reason  for  this  revedled  that  in  the  harvested  crop  a  very 
large  proportion  of  the  infested  nuts  were  infested  by  the  Catalina  cherry 
moth,  Melissopus  latif erreanus.    This  infestation  apparently  set  in  very 
late  in  the  season,  as  in  the  harvested  crop  many  nuts  with  very  small 
caterpillars  were  encountered. 


4S000 


40000 


35000 


30000 


25000 


15000 


10000 


5000 


CHECK 


SPRAYED 
MAY  29 


SPRAYED 
MAY 


il 


SPRAYED 
MAY  I 
MAY  18 


1 


SPRAYED 
MAY  I 
MAY  29 


1 


SPRAYED 
MAY  I 
JUNE  26 


SPRAYED 

MAY  I 
MAY  29 
STANDARD- 

LEAD 


Fig.  1.  Total  harvested  nuts  from  each  treatment  classified  as  good, 
infested,  amd  culls  other  than  infested.  Open  bar,  good;  Horizontal  hatched 
bar,  infested;  Solid  bar,  culls  other  than  infested. 
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COLOBADO 

Geo.  M.  List,  Colorado  Agricultural  Sxperlment  Station. 
Fort  Collins  and  J.  H.  Newton,  Bureau  of  Plant  and  Insect 
Control,  Paonla. 


Seasonal  Conditions  emd  Control  Srpertmente 

The  apple  and  pear  crop  was  light  in  most  fruit  growing  areas 
of  the  State.    This  condition,  coupled  with  a  favorable  season  for 
codling  moth  derelopments,  made  the  control  protlem  difficult. 

In  addition  to  the  usual  service  of  assisting  the  growers  to 
establish  spray  dates  a  series  of  control  teste  on  pear  and  apples  was 
conducted  at  Clifton  the  Colorado  Experiment  Station  and  Bureau  of 
Plant  and  Insect  Control  cooperating. 


Coiitrol  Experiments  on  Bartlett  Pears.  M.  L.  Dilley  Orchard 

The  escperimental  set-up  consisted  of  12  spray  schedules  replicated 
six  times  in  J2  double  tree  randomized  plots.  The  trees  were  of  moderate 
siee  with  slightly  more  than  half  a  crop.  The  data  from  one  tree  of  each 
plot  are  presented: 


Spraying  Dates  Established  for  the  Season 


Tirst  Brood  Sprays 


Calyx  spray 
1st  cover  spray 
2nd  cover  spray 
Ird  ctver  spray 
th  cover  spray 


May  16-17 
May  2U-25 
June  2-3 
June  9-10 
June  19-20 


Second  Brood  Sprays 


5th  cover  spray 
6th  cover  spray 
7th  cover  spray 
Sth  cover  spray 


July  7-2 
July  20-21 
July  30-31 
Aug.  12-13 


Spray  Schedules  iJ 

Vo.  0;    Qesarol.  known  technically  as  dichloro-diphenyl-trichloroethane 
and  to  the  layman  under  the  initieds  DDT,  were  used  in  schedules  Nos.  0  and 
10.    In  schedule  Ho.  0  the  calyx  and  first  cover  spray  consisted  of  BDT 
(A-.20)  at  the  rate  of  2  pounds  per  100  gallons,  while  in  the  remaining 
cover  sprays  the  DDT  (AKZ.20)  wafl  used  at  the  rate  of  3  potmds  to  100 
gallons  plus  3  ounces  of  Sriopon  as  an  adhesive  and  spreading  agent. 


1/    Calyx  Spray  in  all  plots  except  No.  0  consisted  of  lead 
arsenate  3  poxmds  to  100  gallons  of  water. 
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Spray  SchedxileB  l/  (Continued) 

No.  1:     This  is  known  locally  as  the  standard  lead  ar senate- 
kerosene-soap  modified  dynamite  or  inverted  spray  mixture,  which  builds 
up  a  uniform  spray  deposit  when  applied  with  sufficient  pressure  and 
quantity.    The  mixture  consists  of  lead  arsenate  3  poiuxds  to  100  gallons, 
plus  kerosene  2  quarts  and  liquid  soap  1  pint.    In  the  second,  third  and 
fifth  cover  sprays  the  kerosene  was  reduced  to  1  pint  with  the  addition 
of  2  quarts  of  summer  oil  (Superla)  as  an  ovicide  at  the  peak  of  egg 
deposition. 

No.  2:     The  same  schedule  and  spray  mixture  as  in  No.  1  except 
that  (B-I956)  was  used  as  the  emulsifying  agent  in  the  place  of  the  liquid 
soap.    This  produced  a  smooth  spray  deposit  "but  did  not  "build  a  heavy 
deposit  as  in  the  case  of  the  lead  arsenate-kerosene-soap  mixture. 

No.  3*    ^  split  schedule  using  the  standard  lead  ar senate-kerosene- 
soap  mixture  as  in  schedule  No.  1  through  the  first  "brood  sprays.  Second 
"brood  spray  consisted  of  lead  arsenate  3  pounds  to  100  gallons  plus  Black 
Leaf  155.  2  pounds  to  100  gallons.    (No  oil.) 

No,  kt    A  split  schedule  using  the  standard  arsenate  of  lead-kerosene- 
soap  mixture  as  in  schedule  No.  1,  for  the  first  "brood  sprays.    Second  brood 
sprays  consisted  of  B.  L.  1^3*  2  pounds  to  100  gallons  plus  1  quart  of 
summer  oil  (Superla).    As  an  ovicide  the  oil  was  increased  to  2  quarts  in 
the  sixth  cover  spray. 

.No.  5^    Uight  cover  sprays  of  B,  L.  155.  2  pounds  to  100  gallons 
plus  summer  oil  (Superla)  1  quart.    The  oil  was  increased  to  2  quarts  in 
the  second,  third  and  sixth  cover  sprays. 

No.  6:  Lead  arsenate  (Sherwin  Williams)  red  label,  3  potrnds  to  100 
gallons  plus  Spralastic,  1  I/2  pints  for  the  first  cover  spray,  1  quart  in 
the  second  and  third  covers,  and  then  reduced  to  1  I/2  pints  in  the  fourth 
cover  and  to  1  pint  in  the  fifth  to  ei^ih  cover  sprays  inclusive. 

No.  7:    Black  Leaf  155>  2  pounds  to  100  gallons  plus  2  qtiarts  of 
summer  oil  (Superla)  applied  at  the  rate  of  10  to  12  gallons  per  tree  per 
application  throughout  the  season.    Ei^t  cover  sprays  of  heavy  application. 

No.  S:    The  same  as  No.  7*  except  that  the  rate  of  application  was 
moderate,  being  6  to  8  gallons  per  tree  per  application  for  eight  cover  sprays. 

No.  9:    A  modification  of  schedtile  No.  1,  vdiich  consisted  of  lead 
arsenate  3  pounds  to  100  gallons  plus  2/3  pint  of  liquid  soap,  kerosene 
2  quarts  and  1  quart  of  summer  oil  (Superla).    The  kerosene  and  summer  oil 
were  made  into  a  stock  solution  of  2  to  1.    This  mixture,  known  locally  as 
Pond's  mix,  gave  a  very  nice  smooth  deposit. 

1/    Calyx  spray  in  all  plots  except  No.  0  consisted  of  lead 
arsenate  3  pounds  to  100  gallons  of  water. 


-180- 


Spray  Schedtdet  l/  (Continued) 

No.  10:    Lead  arsenate  and  DDT  split  schedule.    First  ^rood 
sprays  same  as  in  Ho.  1.    Second  brood  sprays  consisted  of  Oesarol  (DDT) 
AK-20,  3  pounds  plus  3  ounces  of  Iriopon  as  adhesiTe  and  spreading  agent. 

Ho.  11:    Standard  schedule  saae  as  Ho.  1  except  the  suaoer  oil 
was  (Socony)  Instead  of  (Superla). 

TJ    Calyx  spray  in  all  plots  except  Ho.  0  consisted  of  lead 
arsenate  3  pounds  to  100  gallons  of  water. 

Hot«:    DDT  (1-20),  (AE-20)  and  (IKZ-SO)  refer  to  preparations  of 
DDT  containing  20  percent  of  the  act ire  ingredient. 
Accordingly  the  amounts  of  actire  ingredient  (DDT)  used 
per  100  gallons  of  spray  solution  were  O.U  to  0.6  of  a 
pound. 


Table  I.    Summary  of  Codling  Moth  Control.    Bartlett  Pears.    Six  single 
tree  replicates  of  12  different  spraying  schedxiles.  Season 
I9UU.    Dilley  orchard*  Clifton,  Colorado. 


Total 

Total 

Percent  of  Hanrest  Fruit 

Total 

Percent 

Fruit 

Harrest 

stung 

Wind- 

Windfalls 

Har- 

Fruit 

So\uid 

Injured 

Wormy 

Only 

Schedule 

falls 

Wormy 

vested 

Scored 

0 

^1 

65 

55Uq 

l66i+ 

76 

2h 

5 

19 

1 

2281 

98 

I32U 

600 

54 

U6 

Ui 

5 

2 

2995 

98 

800 

65 

61 

U 

3 

2155 

9« 

252U 

750 

57 

51 

6 

h 

2117 

2999 

1050 

36 

28 

8 

I 

2761 

3931 

1250 

7? 

30 

25 

5 

3OO8 

t 

1777 

600 

3^ 

66 

57 

9 

7 

10^3 

Ua9 

1250 

82 

18 

17 

1 

8 

1UU9 

U396 

1250 

17 

15 

2 

9 

2611 

2187 

650 

Ul 

51 

8 

10 

1297 

91 

3337 

1150 

76 

2U 

11 

n 

2800 

97 

2818 

750 

56 

i| 

7 
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Tbble  I.  (Continued) 


Percent  No.  Injuries  per  Average 

Total     Season's  Fruits  100  Fruits  Weight  per 

Schedule    Fruits    Bropped  -  Wormy     Total    Worms    Stings     Fruit  in  oz.  1/ 


0 

6oi6 

5 

28 

5 

23 

3.8U 

1 

3605 

60 

55 

8 

^•19 

2 

5^59 

114 

103 

11 

3.96 

3 

^679 

90 

79 

11 

3-50 

k 

5116 

39 

ks 

36 

12 

4.55 

5 

6692 

11 

38 

32 

6 

U.85 

6 

^785 

108 

91 

17 

3.54 

7 

5262 

17 

26 

21 

5 

4,23 

8 

581^5 

21 

21 

18 

3 

4.29 

9 

U798 

50 

102 

87 

15 

U.I8 

10 

23 

38 

18 

20 

4.21 

11 

56^8 

79 

6? 

i7 

4.03 

1/    Two  lots  of  ^0  pears  each  weighed  from  each  single  tree  replicate. 


Control  Bxperiments  on  Winesap  Apples.  M.  L.  Dilley  Orchard 
The  e3q)eriment  Included  three  treatments: 

(1)  Lead  arsenate  3  pounds,  kerosene  2  quarts,  and  liquid  soap 

1  pint  to  100  gallons  of  water.    This  corresponds  with  Ho.  1  used 
on  pears. 

(2)  Oesarol  A-20  two  pounds  to  100  in  calyx  and  Ist  coTer  appllca> 
tlons.    Oesarol  AE>20  two  pounds,  Stxperla  oil  2  quarts  to  100  in 
2nd,  3^^*         4tb  cover  applications.    The  AK-20  was  Increased  to 

3  pounds  to  100  in  the  ^th,  6th,  7th,  and  8th  cover  sprays. 

(3)  Geearol  A-20  three  pounds  per  100  gallons  in  calyx  and  first 
three  cover  sprays.    AEZ  -  2  i>ounds  Sriopon  spreader,  2  ounces  to 
100  in  4th  cover,  and  AKZ  -  3  pounds,  Srlopon  spreader  3  ounces  to 
100  in  ^th  to  8th  cover  sprays  Inclusive. 

The  spray  dates  were  the  same  as  given  for  the  pear  e^qperiment. 
Each  treatment  was  replicated  six  times  on  randomized  single  tree  plots. 
No  record  was  taken  of  the  windfall  fruits. 

The  following  data  are  ^ased  on  the  examination  of  3^  fruits  from 
each  plot  at  harvest. 
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Table  II.    Summary  of  Codling  Moth  Control.    Wlnesap  Apples.  Six 
Single  Tree  Bepllcates. 


Percent  Pniit 


Treatments 

Sotmd 

I  n 

jure 

d 

Total 

Wonny 

Stung 

1. 

Lead  arsenate  3  It.  to  100 

5U.6 

^5.3 

l»+,0 

31.3 

2. 

Gesarol 

67.2 

33.1 

k,l 

29.0 

3- 

Oesarol  A£Z-fiO 

53.5 

46. 5 

9.5 

37.0 
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B.  0.  Wolfenbarger ,  Delaware  Agricultural  Experiment  Station, 
Newark. 


Teste  in  I9HU  were  made  04,  a  very  small  scale  in  the  College 
Orchard  at  Hewark»  where  the  codling  moth  infestations  are  usually 
nidt  severe.    The  trees  were  Blaztaymen,  8  years  old,  with  a  moderately 
large  crop.    All  trees  in  the  tests  were  treated  similarly  until  the 
first  cover  spray,  at  which  point  different  treatments  were  imposed.  A 
tabxilation  of  the  treatments  and  reetdts  follows: 


Worms  Stings 
Treatment,  per  100      per  100 

Apples  Apples 

Lead  arsenate  U  lb. «  lime  ^  lb., 

water  100  gal.  I.5  12.8 

DOT  (Gesarol)  k  lb.  (0.8  lb. 

of  DDT),  water  100  gal.  1.8  10.0 

Above  were  hand  sprayed. 

Check  -  no  cover  spray  20.0  9.I 

Regular  Tarn  Schedule 

(machine  sprayed)  1.0  5»5 

There  was  no  burning  of  any  fruit. 


Seven  eover  sprays  were  applied  to  all  trees  treated,  except 
the  cheek,  which  had  none.    Hi eo tine  sulfate  was  xtsed  in  the  Regular 
lam  Schedule  May  29,  June  7t  a&d  July  18,  and  summer  oil  was  used  May 
29        JvA*  7* 

Additional  obtervationi  with  reference  to  DDT  are  given  as  follows 

Source  of  material  -  Gesarol  A20 
If feet  on  foliage  -  apparently  none 

If  feet  on  polliaatort,  pred#.tors,  mites  >  none  observed 
Influence  on  abundeuice  of  mites,  aphids,  ete.  -  some  rosy 
apple  aphis  observed  on  DDT,  more  than  on  other  trees, 
althoTigh  not  counted;  more  syaqptoms  of  Buropean  red  mite 
injury,  injurious  effects  were  marked,  even  compared  to 
tasprayed  trees. 
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GEORGIA 

W.  H.  Clarke,  Fruit  Pest  and  Parasite  Laboratory,  Georgia 
Department  of  Entomology,  Cornelia. 

1,      Seasonal  Conditions  and  Status  of  Codling  Moth  Infestations 
during  19^3. 

Spring  brood  emergence  of  moths  was  the  lightest  recorded 
in  several  years.    A  very  light  crop  of  fruit  on  the  Delicious 
trees  vrhere  a  portion  of  the  traps  were  located  no  doubt  affected 
the  total  catch,  and  unfavorable  weather  reduced  moth  flight. 
Total  catch  for  the  season  was  273  moths.    Peak  catches  occurred 
on  June  30        July  2^  for  later  broods. 


2.  Studies  on  codling  moth  biology  and  behavior. 

Weekly  collections  of  stung  apples  were  made  in  an  abcuidoned 
orchard  and  records  taken  on  emergence  of  moths  and  parasites. 
The  parasite  emergence  was  the  lowest  recorded  in  the  last  four 
seasons  with  the  only  parasite  of  importance  recovered  being  the 
larval  parasite  Ascogaster  carpocapsae. 

3.  Parasitism  of  codling  moth  eggs. 

Collections  of  codling  moth  eggs  in  the  field  during  the 
early  part  of  Jtily  showed  the  Trichogramma  minutua  parasite 
responsible  for  parasitism  of  an  average  of  8.2  percent  of 
codling  moth  eggs.    These  records  are  for  abandoned  orchards 
where  no  parasite  colonizations  had  been  made  for  several  years. 

k.      Availability  of  insecticides  and  equipment. 

Insecticides  were  available  but  there  were  some  reports 
of  delays  in  obtaining  needed  equipment. 


« 
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ILLIHOIS 

S.  C.  Chandler,  Illinoia  Natural  History  Survey,  Cartondale. 

I.  Seasonal  conditions  and  status  of  codling  moth  infestation 
during  194^ 

This  season,  as  it  affected  codling  moth,  was  very  similar  to 
that  of  19^3       Illinois.    Bains  early  in  the  season  tended  to  hold 
down  a  heavy  carry-over,  but  a  severe  drouth  from  mid-June  on  made 
conditions  so  favorable  that  early  checks  were  offset  and  by  harvest 
the  heaviest  infestation  we  have  had  in  years  had  developed.    This  was 
brought  out  in  the  Codling  Moth  Survey,  a  study  of  certain  orchards 
over  a  three-year  period.    The  average  percent  of  apples  wormy  in  first 
brood  was  Ippercent  and  at  harvest  20  percent.    Damage  in  certain  or- 
chards increased  in  a  much  greater  ratio,  and  in  one  orchard  wormy 
apples  Increased  II3  times  from  first  brood  to  harvest. 

II.  Studies  of  codling  moth  biology  and  behavior. 

This  phase  of  the  study  consisted  of  emergence  cage,  bait  trap 
and  light  trap  records  kept  at  a  large  number  of  points  over  the  state, 
for  the  primary  purpose  of  assisting  in  timing  sprays.    Of  biological 
Interest  was  the  shorter  period  between  petal  fall  and  first  serious 
hatch  and  "bunching"  of  first  brood  emergence  in  May,  before  growers 
were  prepared  to  use  summer  oil,  and  also  the  occurrence  (as  Indicated 
also  in  the  records  at  Vlncennes)  of  a  partial  fourth  brood  in  the 
southern  end  of  the  state. 

III.  Results  of  control  experiments. 

1.      Dormant  eradlcant  tests.    A  block  of  old  Wlnesap  and 
Delicious,  35  trees  long  by  29  trees  wide,  was  sprayed  in  March 
with  dinitro-o-cresol  and  oil  on  the  tnmks  and  main  branches 
and  for  two  or  three  feet  out  from  the  trunk  on  the  ground. 
The  following  two  combinations  were  on  the  trees: 

A.  DNC,  h  lb.;  fuel  oil,  10  gal.;  fish  oil 
soap,  k  lb.;  to  100  gal.  water 

B.  DNC,  U  lb.;  Dendrol  6  gallons 

These  trees,  over  25  years  old,  required  six  gallons  per 
tree,  and  a  very  thorough  application  was  made  every  inch  being 
wet.    Examinations  made  from  time  to  time  showed  a  maxim\xm  of  7^ 
percent  of  the  larvae  killed.    In  most  cases  where  the  material 
penetrated  behind  the  bark  sufficiently  to  thoroughly  wet  the 
cocoons,  the  larvae  were  dead,  but  penetration  was  not  always 
effected.    It  is  possible  that  this  was  a  too  severe  test,  as 
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there  were  many  larvae  cocooned  in  spots  where  access  by  any 
material  was  difficult.    Be  that  as  it  may,  the  original  plan 
to  eradicate  the  insect  in  a  large  block  so  that  a  greatly  re- 
duced spray  schedule  could  be  followed  had  to  be  abandoned,  as 
it  soon  became  evident  in  the  spring  that  a  very  heavy  infesta- 
tion was  in  the  making.    Some  injury  occurred  to  lower  hanging 
termiixals  that  were  hit  by  the  MC  mixture,  but  this  was  not  ex- 
tensive enough  to  have  been  considered  serious  if  the  eradication 
test  had  been  successful. 

2,      Spraying  tests  during  growing  season. 

A.  Small  Plot  Tests,  Grafton.  These  tests  were  conducted 
in  cooperation  with  the  University  of  Illinois,  Department 
of  Horticulture,  and  were  designed  primarily  for  the  study 
of  fim^icides,  spray  injury  and  compatability  of  certain 
insecticides  and  fimgicides,  but  provided  certain  informa- 
tion on  codling  moth  control  which  served  as  a  check  on 
some  of  the  large-scale  plots. 

These  plots  were  on  two  varieties,  Jonathan  and  &ano, 
and  were  duplicated,  in  each.    Size  of  plots  was  3  rows 
wide  by  5       10  rows  long. 

A  lead-lime  and  a  lead-weak  Bordeaux  schedule  were  used 
in  comparison  with  the  factory-mixed  nicotine,  Black  Leaf 
135 1  &t  1  1/2  pounds  to  1(X)  gallons,  used  at  weekly  intervals 
except  between  broods. 

B.  Large  Plot  Tests,  Graft on.    The  object  of  these  tests 
was  to  study  codling  moth  control  obtained  by  the  use  of 
certain  recognized  and  recommended  spray  schedules  and 
materials  in  large  plots  in  the  same  orchard.    They  were 
located  in  the  same  y^-acre  block  in  which  the  above  small 
plot  tests  were  placed.    The  orchard  had  been  very  heavily 
infested  in  19^3*    Orchard  sanitation  had  been  neglected, 
and  the  heavy  infestation  at  harvest  was  the  result  of 
these  factors  and.  a  very  favorable  season  for  the  develop- 
ment of  the  insect  from  June  on.    The  plots  were  12  trees 
square,  making  over  four  acres  in  each.    They  were  over  25 
years  old.    The  plots  wi^re  arranged  so  that  there  were  six 
rows  of  Jonathans  and  six  of  Ganos  in  each. 

In  the  first  brood  all  plots  received  a  calyx,  three 
full  covers,  and  two  topoff  sprays,  making  a  total  of  six, 
at  weekly  intervals.    In  the  second  brood  all  lead  plots 
received  three  sprays  on  Jonathans  and  four  on  Ganos,  making 
a  total  of  9  and  10  applications.    Of  the  nicotine  plots  all 
except  two  received  four  second  brood  sprays  on  Jonathans 
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and  five  on  Ganoe,  making  a  total  of  11  and  12  for  the 
season.    The  plots  sprayed  with  Nicosol  and  B.  L.  1^3  &t 
1  1/2  pomds  received  five  sprays  on  Jonathans  and  six  on 
Gfinos,  laaking  a  total  of  11  and  12  applications.  These 
two  were  sprayed  at  weekly  intervals  during  the  second 
brood.    The  "split"  schedule  referred  to  below  was  one  in 
which  lead  arsenate  was  used  in  the  calyx  and  first  fotir 
covers,  with  B.  L.  155  ia  tli«  third  and  fourth  at  half 
strength  and  at  full  strength  without  the  lead  arsenate 
from  that  application.    In  all  plots,  lead  arsenate  was 
used  in  the  calyx,  calyx  topoff,  and  first  cover  sprays, 
the  nicotine  plots  startiixg  from  that  point  on.  Summer 
oil  was  used  with  nicotine  at  the  rate  of  two  quarts  per 
100  gallons  in  all  applications.    Nicosol  was  used  at  three 
quarts  per  100  gallons.    Summer  oil  was  used  with  lead  ar- 
senate where  called  for  in  the  Illinois  spray  schedule,  in 
this  case  in  five  applications,    final  Infestation  counts  on 
picked  fruit  are  summarized  below: 


I'inal  Infestation  Counts,  Codling  Moth,  Summarized 
emd  Grouped  According  to  Treatment 


Variety—Jonathan 


Treatment 

Plot  No.  1/ 

Percent 
Wormy 

Percent 
Stung 

Total  Blemishes 
per  100  Apples 

Lead-Lime 

13 

Small  Plots 

70.7 
5^.9 

19.5 
30.6 

597 

Lead  Wk. 
Bord. 

16 

Small  Plots 

35.0 
Hl»3 

i+3.6 
37.3 

BL  155  " 
1  1/2  lb» 

12 

Small  Plots 

29.1 
35.6 

21.6 
19-8 

156 

Tank  Mix 
Nic.  Bent. 

18 

39.3 

IS. 2 

Nicosol 

19 

63.9 

15.8 

BL  155  -  3  lb. 

20 

19.2 

109 

Split 

21 

36.1 

26.U 

167 

Check 

11 

U.o 

1/    Data  refer  to  the  large-plot  tests  unless  otherwise  indicated. 
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iFlnal  Infestation  Co\uit8,  Codling  Moth,  Summarized 
and  Orouped  According  to  Treatment  (Cont'd) 


Variety — Oano 


Treatment 

Percent 

Plot  No.  1/  Wormy 

Percent 
Stung 

Total  Blemishes 
per  100  Apples 

Lead-Lime 

13 

Small  Plots 

7^.2 

he  T 

45.3 

25.0 
^1.7 

1623 

jj  eau.— w  eaK 
Bordeaux 

16 

22( Speed) 
23(Cooreoitlonal; 
Small  Plots 

3^.9 

^8.1 
31.9 

38.2 

^3.5 

102»+ 

1  1/2  lb. 

12 

Small  Plots 

40.4 
30.2 

77  fit 

2U.9 

ok  7 

Tank  Mix 
Nlc.  Bent. 

18 

^7.2 

32.6 

275 

Nlcosol 

1? 

77.^ 

19.^ 

BL  155  -  3  lb. 

20 

U6.6 

365 

Split 

21 

69.0 

25.0 

527 

Check 

11 

92.6 

1.6 

1/    Data  refer  to  the  large-plot  tests  unless  otherwise  Indicated. 

In  this  table  It  is  probable  that  the  relatively  higher  percent 
of  wormy  fruit  In  the  lead-nicotine  ''split"  schedule,  Plot  21,  on  Grano 
was  due  to  the  small  crop  on  Qano  trees  in  that  plot  and  that  the 
Jonathan  records  are  more  comparable  with  the  other  blocks. 

These  tests  bring  out  the  following: 

1.  Under  conditions  of  a  very  heavy  carry-over  and  In- 
8\ifflcient  orchard  sanitation,  coupled  with  a  favorable  season 
for  development  of  the  Insect,  no  schedule  may  give  commercial 
control. 

2.  Lead-weak  Bordeaux  was  superior  to  lead-lime.  This 
was  true  not  only  in  insect  control,  but  also  in  foliage  injury. 
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3.    Nicotinee  In  generad  were  more  efficient  than  lead 
arsenate  In  a  season  like  this,  hot  and  dry.    IQxis  was  true 
in  control  and  in  condition  of  foliage  and  fruit. 

U.    Nlcosol  was  inferior  to  other  nicotines  used. 

5.    Black  Leaf  155  applied  at  iborter  intervals,  even 
thou^  reduced  in  amount  per  100  gedlons,  was  superior  under 
these  heavy  infestations  to  the  same  material  at  a  longer  in- 
terval hetween  sprays. 

C.      Speed  Sprayer  Tests.  Qrafton.    The  so  called  "speed  sprayer" 
was  compared  on  Oanos  in  the  same  orchard  with  %diat  we  called  the 
conventional  methool^.    In  this  orchard  conventional  spraying  was 
done  with  a  500-gallon  sprayer,  with  a  35~gallon-a-fflinute  puBip, 
power  take-off,  with  one  man  spraying  from  the  tower  and  one  from 
the  rear  platform,  using  a  non-stop  system. 

The  following  data  were  collected  during  the  seasons 

1.  Time  required.    In  six  applications  the  average  showed 
the  following  number  of  minutes  for  each  method,  to  spray 
out  500  gallons  of  materied: 

Spray     Jill  tank  Total 

SIpeed  Sprayer  12.8  9.2  20.0 

Conventional  21.0  ik.B  35*^ 

Three  men  on  the  conventional  rig  (including  tractor 
driver)  did  in  35 minutes  vttat  two  men  on  the  speed 
sprayer  (including  one  to  operate  conveyor)  did  in  20 
minutes. 

2.  Gallons  used  per  tree.    The  average  of  six  applications 
was  11.8  gallons  per  tree  for  the  speed  sprayer  and  13.6 
for  the  conventional. 

3.  Infestation  and  deposit  in  tops  of  trees.    Counts  Bad* 
during  June  showed  that  there  were  from  four  to  el^t  times 
as  many  %rormy  apples  in  the  tops  as  in  the  lower  parts  of  the 
trees  in  both  blocks.    Batio  of  deposit  based  on  averages  of 
analyses  made  at  various  times  throug^ut  the  season  showed 
the  following  ratios  in  tops  and  bottoms. 

Speed  sprayer    1  to  1.8 

Conventional     1  to  1*7 
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k.    Penetration  Into  tree*    Apples  froa  the  lower  parts  of 
the  trees  were  analyzed  with  the  outside  half,  toward  the 
sprayer,  separate  from  the  Inner  half,  toward  the  tznink  of 
the  tree  with  the  following  results: 

Batlo  of  "inside"  and  "outside"  halves  of  apples: 

Speed  sprayer  1  to  1*3 
Conyentlonal     1  to  1*9 

IQils  would  indicate  a  slightly  greater  coverage  on  the 
insides  of  the  tree  with  the  speed  crprayer  than  with  the 
conventional  system. 

Percentage  of  total  codling  moth  injuries  on  the  outer 
half  of  the  apple  was  approximately  the  same,  Sk  percent 
and  63  percent,  as  compared  with  7^  percent  on  the  checks. 

5.    Unal  infestation  at  harvest  is  shown  in  the  tahle,  being 
■lightly  greater  in  the  conventional  system,  ^8  percent  and 
35  percent  wormy. 

r.     Use  of  Safener  with  Lead  Arsenate.  Carbondale.    Safe-N-Le«ul,  a 
sine  oxide  safener  manufactured  by  the  Sherwin  Will lams  Company,  was 
compared  with  lime  on  Jonathans,  in  the  calyx  and  five  cover  sprays. 
At  final  checking,  27*5  percent  of  the  apples  sprayed  with  SafeoH- 
Lead  showed  calyx  injury,  compared  with  U,2  percent  in  the  block 
safened  by  lime.    Infestation  showed  26  percent  wornQr  in  Safe-N-Lead 
and  31  percent  in  the  lime  plot.    Tk^  ratio  of  approximately  six  to 
one  on  safening  effect  of  this  material  may  possibly  have  been  due 
in  part  to  use  of  Pernate  in  the  lime  plot.    In  19^3 1  tests  in  the 
same  place  where  there  were  no  other  possible  factors  showed  a  ratio 

of  two  and  one-half  to  one  in  favor  of  lime  over  Safe-H-Lead. 

© 

I.      Codling  Moth  Survey,    Por  three  years  a  study  of  the  factors 
affecting  codling  moth  control  has  been  conducted  in  I3  representa- 
tive orchards  located  in  the  three-brooded  area  in  southern  Illinois. 
In  a  year  nAien  lead  arsenate  was  less  efficient  than  nicotine  because 
of  hot,  dry  weather,  it  was  found  that  the  t%ro  lowest  infested  or- 
chards of  the  13*  %rith  an  averc^e  of  3  percent  wormy  fruit  or  less 
at  harvest,  depended  chiefly  or  entirely  on  lead  arsenate.    Of  the 
four  heaviest  infested  orchards,  in  which  the  harvest  infestations 
rangsd  from  I3  percent  to  8^  percent  worioy,  two  received  lead  ar- 
senate emd  two  a  combination  of  lead  and  nicotine,  chiefly  the 
latter.    The  greatest  differences  in  methods  between  the  successful 
growers  and  the  unsuccessftd  is  not  in  materials  nor  in  any  certain 
system  of  spraying,  but  rather  in  the  methods  taken  to  reduce  carry- 
over.   The  most  successful  growers  pruned  and  opened  up  the  trees  so 
spray  material  could  reach  all  parts  of  the  trees.    Ilbey    were  care- 
ful sprayers.    !Diey  used  sufficient  material,  but  not  by  any  means 
excessive  amounts.    Ihey  consistently  practiced  orchard  sanitation, 
inclTiding  thorotigh  scraping  end  banding. 
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ILLINOIS  (Continued) 

M.  D.  Farrar,  Illlnoie  Haturisa  History  Surr^jr,  Urbana. 

In  the  control  of  codling  moth,  data  indicate  that  iBizturee  con- 
taining DDT  will  control  this  insect  as  veil  as  lead  arsenate  or  nicotine 
and  in  some  cases  better  than  either  of  the  latter  two  oaterials. 

The  DDT  was  applied  in  dry  powdered  fora  and  as  an  emolsion  in 
liquid  form*    Both  methods  resulted  in  high  quality  fruit,  excellent 
foliage,  and  satisfactory  control  of  codling  moth  and  leafhoppers. 
The  mites,  although  not  a  factor  in  the  es^eriments,  were  more  abundant 
on  plots  sprayed  %d.th  DDT  than  on  plots  sprayed  %d.th  lead  arsenate. 

One  year's  trials  with  this  chemical  show  that  it  must  he  used  at 
about  the  same  spray  interval  as  other  spray  materials.    The  fact  that 
codling  moth  can  destroy  fruit  sprayed  with  DDT  is  clearly  shown  in  Tables 
I  and  II,  which  show  the  codling  moth  damage  in  these  plots  up  to  September 
18.    The  relative  standing  of  the  plots  at  this  time  did  not  change 
materially  at  harvest  time. 

Table  III  shows  the  over-all  condition  of  fruit  and  foliage  in  the 
plot  at  harvest.    With  the  exception  of  the  mite  populations  in  the  DDT 
sprayed  plots,  these  plots  were  superior  in  all  other  respects  to  the 
plots  sprayed  with  lead 


Codling  Moth  Control  on  Vinesap  i^les  in  Szperimental 
DDT  Plots.  Urbana,  Illinois.  19^^ 


Table  I. 


Plot 
No, 

Treatment 
six  cover  sDzays 

Crop  iz 
Bushel  f 

Condition  of  Dr 
Iruit  on  9/I8 

ojmed     Total  C.  M.  Injury 
fm        to  CroD  at  Harvest 

Crop  on 
Ground 

Drops 
Woraor 

Drops 

Wormy 

Stun^ 

1. 

Standard  Lead  Arsenate 

* 

1.9 

25.0 

22.0 

r 
21.8 

2 

1#  DDT,  9#  Pyrax.  2  qt. 
Summer  oil 

26.7 

k,0 

3.1 

3.8 

3 

l/2#  DDT.  k  l/2#  Pyrax. 
2  qt.  Summer  oil 

7.5 

2.6 

69.0 

11.5 

k 

1/U#  DDT,  2  1/H#  Pyrax. 
2  qt.  Summer  oil 

7*5~ 

5.2 

5U.O 

11.0 

l.k 

5 

1/U#  DDT.  2  IM  Pyrax, 
2  lb.  Lead  Are..  2  qt. 
Summer  oil 

1].0 

2.0 

21.0 

2^.6 

9.7 

0.1%  DDT  in  a  1%  S.  oil 

5.0 

12.8 

6U.8 

9.7 

7 

Control  -  no  sprays 

— 

98.7 

0.8 

10.0 

g 

Standard  Lead  Arsenate 

7.8 

55.3 

26.2 

12.4 

3«.9 
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Codling  Hoth  Control  on  Wlneeap  Apples  In  Uxperi mental 
DDT  Plots,  Urbana,  Illinois,  19M^ 


Table  II. 


Plot 
Ho. 

Treatment  seim^  as  Table  I 
for  two  covers — third  cove: 
omitted.    Materials  listed 
were  used  in  last  three 
coyer  sprays 

Crop 
in 
Bushels 

Condition  of  Dx 
Pruit  on  9/ia 

>opp«d    Total  C.  M.  Injury 
/m       to  Crop  at  Harvest 

Crop  on 
Orouad 

Drops 
Wormy 

Drops 
Stunc 

Wo  my 

Stung 

1 

Standard  lead  arsenate 

8.0 

i 

53.9 

i 

11.5 

4 

15.9 

26.7 

2 

1#  DDT  in  emulsion,  2  qt. 

Summer  oil 

14,0 

67.6 

3.9 

10.3 

8.2 

} 

l/2#  DDT  in  emulsion, 
2  q.t.  Summer  oil 

l6.0 

56.0 

2.5 

1U.2 

k 

l/l|#J)DT  in  emulsion, 
2  at.  Summer  oil 

12.0 

71.6 

5.1 

2^.3 

11.6 

1/kf  DDT  in  emulsion,  2  lb 
lead  ars.,  2  at.  S,  oil 

9.0 

7-? 

25.1 

11.3 

8.8 

lU.U 

0.1%  DDT  in  1%  Summer  oil 

6»0 

20.5 

78.7 

41.0 

12.6 

7 

Control  -  no  sprays 

6.0 

98.2 

o.q 

79.8 

8 

Standard  lead  arsenate 

1.0 

i?.S 

^•5 

15.6 

23.0 

U0.9 

Conditions  Observed  on  Winesap  i^ples 
in  Xzperimental  DDT  Plots,  Urbana.  Illinois,  19^ 


Table  III. 


Plot 
Ho. 

finish 

of  Fruit 

Condition 
of 
Foliaee 

Abundance 
of 
Mites 

Abundance 
of 

Leafhoppers 

1 

Pair 

Hone 

Moderate 

2 

Sxcellent 

Excellent 

Heavy 

Hone 

3 

Excellent 

Xzoellent 

Moderate  to  Heavy 

Hone 

k 

Izcellent 

Xxcellent 

Light 

Hone 

5 

Ixcellent 

Moderate  leaf 

bum 

Trace 

Very  light 

6 

Xxcellent 

Moderate  leaf 

btirn 

Trace 

Very  light 

7 

Oood 

Pait 

Hone 

Moderate  to  Heavy 

8 

Good 

Fair 

None 

Moderate  to  Heavy 
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INBIAHA 

G.  Sdwln  Marshall,  Purdme  University  Agricultural  Sscperiment 
Station,  Orleans. 

CODLIHS  MOTH  COHTROL  STDDIIS  IN  UTOIABA  TOR  l<^Uk 

The  plot  studies  at  the  Purdue  Ibitomological  Xscperimental 
Orchard,  as  in  recent  years,  axe  of  treatments  nerer  before  tried  in 
the  field  and  include  the  three  yarleties  (rrimes,  Delicious  and  Winesap. 
Two  single  tree  plots  of  each  of  the  varieties  have  heen  included  in 
each  treatment  making  a  total  of  six  r^licates. 

The  plot  containing  talcum  did  not  clean  well  in  the  washing 
tests  so  further  studies  of  this  treatment  will  be  abandoned,  however, 
all  the  other  schedules  resulted  in  very  good  foliage  at  harvest  and  at 
the  present  time  there  seems  to  be  no  diffictilties  involved  in  removal 
of  Tinsightly  residue. 

Fruit  ripening  waft  delayed  some^diat  in  the  case  of  plots  five, 
six  and  eight.    However,  the  foliage  on  these  same  plots  was  especially 
fine  at  the  time  of  Winesap  harvest  October  l6  and  even  until  after  the 
first  hard  freeze. 

The  results  in  tabular  form  follow: 
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The  codling  moth  control  plots  at  the  £lrod  orchard  in  19^4^  re- 
ceived practically  the  same  spray  materials  as  in  19^3*    This  was  done 
in  order  to  provide  answers  to  specific  questions  asked  "by  Indiana 
growers.    The  treatments  used  have  been  proven  to  be  the  best  we  know 
of  at  the  present  time.    Each  plot  received  a  schedule  which,  if 
diligently  and  thoroughly  applied  and  if  fortified  by  good  sanitation 
practices,  bait  trap  data  for  timing  sprays  and  a  few  extra  sprays  on 
years  during  which  the  codling  moth  is  especially  bad,  will  control 
the  insect  to  the  point  where  the  wormy  fruits  will  be  held  to  1^  per- 
cent or  less  and  will  do  so  with  a  minimum  of  foliage  injury.  The 
tables  following  provide  most  of  the  information  as  to  the  ntimber  of 
sprays  applied,  the  control  resulting  from  each  treatment  during  the 
first  brood  period  and  at  harvest  and  the  cost  of  each  program  with 
respect  to  the  codling  moth  damage. 

The  figures  are  based  on  actual  production  records  from  blocks 
of  50  mature  trees  producing  cm  average  of  7*66  bushels  per  tree  for 
plot  one,  6«U^3  bushels  for  plot  two,  6.36  bushels  for  plot  three  and 
7.^3  bushels  per  tree  for  plot  four.    In  these  plots  in  19^3  t^^®  P®r 
tree  production  averaged  I5  bushels  per  tree.    In  19^3         same  trees 
were  used  for  each  treatment  as  in  19^^  and  each  included  Jonathan, 
Winesap,  Stayman  and  Rome  Beauty.    Each  treatment  was  replicated  once, 
on  all  varieties. 
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eriala 

i       CAaiotmts  per  100  gallona)  Spraya 


Arerage  Injury  per  ioo  Fralta 

  (all  tarletl— )  

Date  of  Ji'lrat  Brood  H  A  R  7  Z  fT 


T 


T 


ACT. 


S»8 


1  pt.  BL  40, 

1  at.  M> 


Jiay  18 


BL  155 


MB  X  110,  May  2T 
June  15 
June  19 
July  6 
July  17 
Aug.  2 
Aug,  14 
Auf^  25 


5.3 


17.3 


52.0 


47.0 


54.7 


II 


2  gal.liO 


ZNSOa 

3#  t»  1/2  gal.  MD 
2KS0A 

LA,  1#»  1/2  gal.  MO 

aJSOA  July  27 

BL  155,  2  q.t8.  M3 


May  18 
"May  27 
i?«ae-i4 
Tune  14 

July  6 


4.2 


13.1       141.6  291.4 


85.6 


g.  5#  LA 


5-9 


BL  155 


BL  155 


i       3#  LA. 

lA,  6  2/3  oz  S, 


4»6 


W  Lfl^,  1/^  3,1/2  gal. 

MO 

5#  WB,  1#  13  oz..  S,  ■ 
1/2  «al.  IvIO.  1#  Also 


May 

18 

May 

30 

^une 

12 

June 

20 

^une 

28 

iruly 

7 

July 

15 

July 

25 

Aug. 

2 

Aug. 

12 

25 

May 

18 

May 

31 

June 

15 

June 

23 

July 

20 

Aug. 

3 

7.3       13.9       52.8  66.8 


62.1 


4.9 


10.7       86.8  170.2 


66.8 


^  Entire  orchard  received— Six  sprays  for  apple  scab  applied  between  April  10  and  May  17 
2/   V/'ettable  sulphur  used  in  the  calyx  applications  with  Z4  lead  and  3#  lima 


LA 


MO 


M  Micronized  Sulphur 

-  ?ermate 

•»  Lead  Arsenate 

»  Mississippi  Benton it e  (xllO) 

Mineral  OU  (302  Gulf  and  Latia  IS) 


BL  155   «  Black  Leaf  155  (nia>tine) 


23ISO4  «  Zinc  Sulphate 
L        -  LioM 
8        -  Soap 

W6  -  Wyoming  Bentonite 
ALSO  -  Aluminum  Sulphate 
N        -  BL  40 
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lalph  L«  Parker  and  Paul  G.  Lamereon,  Kansas  igricisltured. 
Ixporiment  Station,  Manhattan. 


Introdoctl  on 

Tt@  tests  of  spray  materials  auad  combinations  were  again  con- 
ducted  at  the  Blair  experiment  orchards  31air,  Kansas,  during  the 
season  of  19^U.    !Ehe  only  nev  spray  material  used  vas  "Qesarol  A  20 
Spray"  concentrate,  a  compound  containing  "DDT'^  (Bichloro-diphenyl-tri- 
chloroe thane) .    Standard  dosages  of  lead  arsenate,  lead  arsenate  plus 
zinc  sulfate  plus  summer  oil  emulsion,  as  veil  as  fixed  nicotine  ("Black 
Leaf  1^5")  plus  summer  oil  emulsion  comhinations  were  compared.  Ihe 
zinc  sulfate  vas  i;8ed  as  a  safener,  buffer,  or  corrective  of  lead  ar- 
senate.   The  "fop-off"  spray  innovation  developed  by  Or,  So  Marshall  of 
the  Purdue  Agricultural  Experiment  Station  also. iras  tested. 

Methods  euxd  Procedure 

(Two- tree  replicates  of  the  Jonathan  ^rariety  vere  used  for  eadi 
Insecticide  or  combination  to  be  tested*    ¥0  obtain  as  near  uniform 
conditions  as  possible  for  the  test,  the  replicates  vere  randomised 
throughout  four  rovs  of  trees  containing  ten  trees  to  the  rov«    As  * 
protection  to  the  test  plots,  lead  artenate->sinc  stdf ate- summer  oil 
spray  applications  vere  ai^ied  to  all  trees  surrounding  the  replicates 
on  the  same  day  as  the  trees  under  test  %r«re  sprayed.    A  calyx  and  eight 
cover  sprays  vere  applied.    Tm  early  sulfur  iq^rays  vere  applied  to  ih(b 
plots  for  scab  control*    Summer  oil  emulsion  vas  left  out  of  the  sprays 
used  on  the  zinc  sulfate-lead  arsenate  plots  after  the  fifth  cover  spray* 
fhe  "top^off  spray  vas  applied  as  follovet    Ihese  trees  vere  sprayed  in 
the  regular  manner,  then,  after  the  spray  had  dried,  the  top  third  of  the 
trees  again  vere  sprayed«    fo  prevent  excessive  fruit  drop,  tvo  hormone 
spray  applications  of  a  naphthalene  acetic  acid  vere  applied;  the  first 
application  vas  made  September  6  and  7t  the  second  on  September  I3  and  lU* 

fh®  purpose  of  the  UDT  test  vas  to  determine  hov  this  material 
would  coanpare  to  lead  arsenate  as  a  control  for  codling  moth,  and 
vhether  the  common  red  spider  vould  be  controlled  «hen  no  oil  vas  used 
in  th®  spray  mixture*    IDie  DDT  and  the  lead  arsenate  plots  vere  sprayed 
®n  the  same  dates  and  in  the  seuae  manner* 

Worsoy,  stung,  and  clean  dropped  apples  per  trees  vere  recorded 
at  intervals  during  the  summer*    Preharvest  dropped  apples  to  the  number 
Of  250  per  tree  vere  collected  and  recorded  September  k  through  9>  A 
harvest  count  of  2^0  picked  fruits  per  tree  vas  made  September  21.  Per- 
centage of  effectiveness  in  control  of  codling  moth  vas  coaiputed  on  a 
seasonal  plot  summary  basis* 
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Seasonal  Conditions  and  Codling  Moth  Abundance 

First  Brood.    The  first  recorded  catch  of  adtilt  codling  moths 
during  the  season  of  19^  vas  that  of  a  single  moth  on  Nay  IS.    By  May 
22.  emergence  was  veil  under  way.    May  23  to  June  3  v^s  an  interval  of 
large  catches.    There  were,  however ,  no  outstanding  peak  catches.  The 
first  worm  entries  were  noted  on  Nay  29. 

Unseasonably  warm  weather  from  Nay  18  to  June  3  resulted  in 
early  egg-laying  and  a  prompt  hatch  of  eg^.    Delays  in  spraying  were 
caused  by  dashing  rains  %diich,  combined  with  rapid  growth  of  fruit, 
made  protection  by  spraying  difficult.    Atteaipted  worm  entries  were 
numerous  during  the  interval  of  June  1  to  6.    from  June  9  to  26  there 
was  a  rather  steady  and  straggling  adult  emergence.    There  was,  however, 
continuous  evidence  of  hatching  eggs  and  attenpted  worm  entries  during 
this  interval.    Trom  June  26  to  July  10  there  was  very  11  ^t  adult  codling 
moth  emergence* 

Second  Brood.    On  July  10  the  first  second  brood  moths  were  noted 
in  the  emergence  cage.    As  in  former  year  a,  the  emergence  cage  gave  more 
reliable  Information  as  to  the  beginning  of  the  second  brood  than  did 
the  bait  traps.    Emergence  of  second  brood  moths  followed  much  the  same 
pattern  as  that  of  first  brood  moths,  being  characterized  by  many  highs 
and  lows  in  terms  of  numbers  of  moths  caught.    There  were,  as  with  the 
first  brood,  no  outstanding  peak  catches;  only  days  of  alternating  high 
and  low  catches  which  closely  followed  weather  conditions. 

From  July  10  to  August  20,  damage  from  second  brood  worms  was 
steady  and  consistent  throioghout  this  interval.    Due  to  heavy  rains, 
codling  moth  activity  was  at  a  low  point  during  the  Interval  of  August 
20  to  27.    Cool  weather  until  September  6  accounted  for  further  reduced 
codling  moth  activity. 

Warmer  weather  following  Septemb.er  6  resulted  In  higher  moth 
catches  and  a  hatch  of  late  worms  started  about  September  15.  Damage 
from  this  late  hatch  was  somewhat  retarded  by  unfavorable  weather  con- 
ditions. 

Ihird  Brood.    As  far  as  observations  for  this  region  could  be 
made,  there  was  no  definite  third  brood.    Late  worms  resulted  from  the 
delayed  emergence  of  late  second  brood  moths. 


Seasonal  Daaa^^e 

Control  was  fair  in  most  orchards  receiving  the  required  number 
of  first-brood  sprays.    Some  delay  was  caused  in  the  timely  application 
of  the  sprays,  due  to  excessive  rains  in  June.    Xmergence  of  firet-brood 
occttrred  from  May  IS  to  July  10.    Worm  damage  of  the  first  brood  was 
steady  and  consistent  from  May  29  to  July  10.    Temperat\ires  were  never 
high  enough  during  this  Interval  to  hinder  codling  moth  development. 
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In  orchards  ^ere  first  brood  control  was  poor,  severe  wonb 
damctge  resulted  from  second  brood  worms.    A  late  hatch  of  second  lltood 
worms  was  in  progress  about  September  13f  but  attismpted  entries  w^ire 
so  few  that  they  were  largely  otet>looked  on  the  grading  table.  Moths 
still  were  being  caught  September  I3,  lAien  bait  trap  work  was  discon- 
tinued. 

Materials  and  Dosages 

She  combinations  of  insecticides  used  in  19^4-  are  indicated  ih 
Table  I. 


Table  I.    Insecticides  and  dosages  used  in  control  tests  in  pounds  per 
100  gallons  of  spray  mixture. 


Treatment: (Calyx  spray,  lead  arsenate,  k  lb.  except  for  "DDT"  %diich 
had  "DDT",  2  lb.)  


1.    lead  arsenate,  U  lb. 

2*    Lead  arsenate,  U  lb.  plus  tino  sulfate,  k  oz.  plTis  Superla  oil 
eamlsion,  1  q.t.    Oil  left  out  after  fifth  cover  spray. 

3.    Lead  arsenate,  k  lb.  plus  i;inc  stilfate.  H  os.  plus  Superla  oil 

emulsion,  1  qt.  throu^  first  k  cover  sprays  (first  brood);  "Black 
Leaf  153" t  2  lb.  plus  Superla  oil,  2  qt.  fifth  through  ninth  cover 
sprays  (second  brood). 

k.    "Black  Leaf  1^^"  schedule  of  sprays. 

Urst  cover,  lead  arsenate,  U  lb.;  second  cover,  lead  arsenate,  3 
plus  B.  L.  155,  1  1/2  lb.;  third  cover,  lead  arsenate,  3  lb.  plus 
B.  L.  155,  2  lb.  plus  Superla  oil,  2  qt.;  fourth  cover,  B.  L.  I55, 
2  lb.  plus  Superla  oil,  2  qt.;  fifth  cover,  B.  L.  153,  2  lb.  plus 
Superla  oil,  2  qt.;  (beginning  of  second  brood)  sixth  throu^  ninth 
cover,  B.  L.  I35,  2  lb.,  plus  Superla  oil,  2  qt. 

3.    "DDT"  ("Oesarol  A20  Spray"  Concentrate),  2  lb. 

6.  Lead  arsenate  "Top-off"  spray. 

Lead  arsenate,  h  lb.  plus  sine  sulfate,  k  oz,  plus  Superla  oil,  1  qt. 
Oil  left  out  after  fifth  cover  spray.    Top  third  of  trees  sprayed 
immediately  following  the  regular  spray,    (see  treatment  number  2). 

7.  Lead  arsenate  sprays  plus  trap  band. 

Lead  arsenate,  k  lb.  plus  zinc  sulfate,  k  oz.  plus  Superla  oil,  1  qt. 
(same  as  number  2)  "(resarol  SHN3"  treated  band  applied  to  tree  tmxnk 
during  first  brood  development. 
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As  in  past  years*  information  was  gathered  from  two  sets  of 
codling  moth  bait  traps.    One  set  of  10  traps  was  located  at  the  Blair 
experiment  orchard,  Blair,  Kansas.    The  other  set  of  10  traps  was  at 
the  Frank  Lehman  Orchard,  Wathena,  Kansas.    Daily  moth  catches  and  S 
spray  dates  were  sent  to  the  Doniphan  County  Tarm  Bureau,  which  in  turn 
sent  the  information  to  growers.    Spray  dates  for  the  season  of  13^4 
were  as  follows:    Calyx,  May  2^;  first  cover.  May  30;  second  cover* 
June  6;  third  cover,  June  1^;  fourth  cover,  June  26;  fifth  cover, 
July  12;  sixth  cover,-  July  2^;  seventh  cover,  August  7*  and  eighth 
cover  August  2k,    An  extra  or  a  ninth  .cover  spray  was  applied  to  the 
nicotine  plots  on  July  7« 

At  harvest  time  ssunples  of  apples  from  all  plots  were  stored 
from  September  1^  to  November  8,  then  analyzed  for  arsenic  residue.  A 
sample  of  apples  from  the  DDT  plot  was  analyzed  on  December  29*  19^^* 
for  DDT  residue. 


Results 

In  recording  the  data  from  injured  fruits,  multiple  stings  or 
worms  in  a  single  fruit  were  not  considered*    Ifhen  a  fruit  had  both 
worms  and  stings  present,  it  was  recorded  as  "wor^y". 

The  foliage  on  all  trees  of  spray  plots  at  the  Blair  experiment 
orchard  appeared  to  be  in  good  condition  on  August  f,  except  for  the 
lead  arsenate  without  safener  plot  where  foliage  injury  was  already 
apparent.    On  August  lU,  foliage  injuzy  was  evident  to  a  marked  degree 
on  the  trees  of  all  plots  regardless  of  the  material  used  for  control. 
The  lead  arsenate-zinc  sulfate  plots  had  much  better  foliage  on  this 
date  than  any  of  the  other  plots  under  test.    By  August  ik  the  foliage 
on  the  trees  of  the  DDT  plots  appeared  to  be  slightly  copper  colored 
due  to  a  medium  heavy  outbreak  of  red  spider.    Examination  of  leaves 
and  trunks  of  the  trees  on  August  l6  revealed  that  the  red  spiders  were 
already  starting  to  hibernate.    The  foliage  of  the  two  trees  sprayed 
with  DDT  showed  more  damage  from  red  spider  than  did  the  trees  of  any 
of  the  other  plots  under  test.    Whether  this  tendency  of  the  foliage 
to  develop  this  marginal  leaf  burn  was  due  to  fungus  or  chemical  injury 
to  the  leaves  is  not  known  for  sure — perhaps  it  was  a  combination  of 
both.    The  condition  appeared  following  heavy  rains  and  humid  weather 
conditions. 

The  value  of  zinc  sulfate  as  a  safener  for  lead  arsenate  was 
again  apparent.    The  foliage  of  the  trees  on  this  plot  %fa8  still  in 
excellent  condition  «^en  compared  with  that  on  the  other  plots  at 
harvest  time.    Only  23  percent  of  the  foliage  on  the  trees  of  lead 
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arsenate  alone  plot  remained  on  the  trees  at  haryest  time,  September 
21.    Two  applications  of  a  hormone  spray  of  naphthalene  acetic  acid 
failed  to  hold  the  fruit  on  these  two  trees  that  had  such  heavy  foliage 
loss.    Good  success  in  holding  the  fruit  on  the  trees  of  the  other 
plots  in  the  test  was  achieved  with  two  hormone  sprays* 

The  preharvest  drop  hegan  ^^Iptemher  1  to  3*    dere  was  a  marked 
tendency  for  the  fruit  on  the  lead  eu'senate  alone  and  the  DDT  plots  to 
drop  their  fruit  first.    On  Septemher  4,  2^0  fruits  were  scored  from 
each  of  the  trees  in  these  two  plots.    Two  hormone  sprays  were  applied, 
one  September  f,  the  other  September  13  and  ik.    The  tendency  of  the 
fruit  to  drop  was  halted  until  September  21,  when  the  crop  was  picked. 

Data  of  the  various  insecticide  tests  for  the  control  of  codling 
moth  in  the  Blair  experiment  orchard  at  Blair,  Kansas,  are  recorded  in 
Tables  II  and  III. 
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Table  III.    Ifoffibers  and  percentage  of  codling  moth  larvae  cought  in 
lethal  or  "automatic**  trap  bands  on  veil  sprayed  and 
poorly  sprayed  trees*  October  l6. 


Humber 
of  worms 

worms 

of  pupae 

Percent 

of  worms 

Ttd9  of  Band 

Plot  Ho. 

Live 

Dead 

-p^r  tree 

cases 

Live 

Dead 

Beta  Napthol 

A 

Poorly 
sprayed 

68 

156 

22k 

1 

30.36 

(^esarol  SSS^ 

B 

Poorly 
SDrayad 

92 

61 

153 

7 

60.13 

39.87 

Oesarol  SHIT^ 

•7 

k 

0 

k 

1 

100.00 

0 

Plot  7  iB  one  of  the  lead  arsenate-zinc  sulfate- summer  oil  emulsion 
combination  treatments  of  the  spray  schedule  of  tests.    Some  lire  larvae 
under  the  bands  inspected  were  undoubtedly  injured  by  chemicals  in  the 
bands  and  would  have  died  later,    ^r  sake  of  comparison,  any  worm  capable 
of  movement  was  counted  alive. 


Discussion 

"Oesarol  A20  Spray"  as  with  many  other  substitutes  for  lead 
arsenate  tested  in  previous  years*  indicated  good  worm  control  through 
the  first  brood.    After  second  brood  worm  injury  began,  inferior  worm 
control  was  apparent  by  August  7*    B^  August  1^,  this  inferiority  In 
control  was  quite  pronounced  and  grew  progressively  evident  until 
harvest  time.    This  plot  produced  only  62*7  percent  sound  fruit  for 
the  season.    Shis  was  inferior  to  the  zinc  sulfate-lead  arsenate  plot 
by  1^.8  percent.    In  terms  of  sound  fruit  produced,  this  plot  made  the 
poorest  showing  of  any  of  the  seven  plots  under  test.    A  representative 
of  the  Oeigy  Company  stated  that  "Oeseurol  A20  ^ray"  has  too  ouch  of  a 
wetting  agent  incorporated,  "Gesarol  AE20  Spray^  is  an  improved  horti- 
cultural spray  combiMttion  and  does  not  have  as  much  run-off  as  "G^esarol 
A20  Spray". 

The  sine  sulfate-lead  areenate-summer  oil  plot  in  terms  of  un- 
blemished fruit  ranked  third  of  all  the  plots  under  test.    By  far  the 
greatest  injury  to  fruit  In  this  plot  consisted  of  small  well  healed 
stings  that  would  affect  very  little  the  grade  of  the  fruit.  Foliage 
condition,  as  has  be«n  noted  before,  was  superior  to  all  other  plots. 
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Severe  foliage  loss  was  sustained  "by  the  trees  In  the  lead 
arsenate  without  safener  plot.    In  terms  of  percentage  of  so\ind  fruit, 
this  plot  was  next  to  the  poorest  of  all  the  plots. 

"Top-off"  spraiys  showed  a  gain  In  effective  control  of  9*1  per- 
cent ahove  the  lead  arsenate-clnc  stilfate-oil  test  which  was  achieved 
respraylng  the  top  third  of  the  trees  imnedlately  after  the  regular 
spray  application  had  dried. 

The  use  of  summer  oil  emulsion  in  combination  with  lead  arsenate 
sprays  during  rainy  seasons  is  justified  by  results  of  this  test.  Data 
in  Table  II  Indicate  that  the  use  of  oil  in  some  of  the  cover  sprays 
gives  more  effective  control.    The  lead  arsenate  alone  plot  shows  a 
decrease  of  7  percent  in  control  ^en  compared  with  the  leaA  arsenate- 
zinc  sulfate- summer  oil  combination  spray. 

As  would  be  expected  imder  the  diverse  spray  control  programs, 
there  «ere  fewer  larvae  caught  in  trap  bands  on  the  trees  which  had 
good  dosage,  coverage  and  timely  spray  ax>pllcations  than  on  the  trees 
given  poor  spraying  care  (Table  III).    Plot  7  of  the  spray  control 
tests  had  an  extremely  low  niimber  of  larvae  %diich  entered  the  bands. 
In  an  orchard  which  is  given  satisfactory  spraying  for  codling  moth 
control,  there  are  comparatively  few  larvae  escaping  to  pupate  on  the 
tree  trunk.    "Oesarol  SHN^"  treated  trap  bands  killed  a  little  more 
than  one-third  of  all  the  worms  entering  the  bands;  v^ereas,  the  beta 
napthol  treated  bands  killed  slightly  more  than  two- thirds  of  the  worms 
under  similar  conditions. 

Apple  samples  harvested  September  ik  were  stored  from  September 
13  until  November  S  before  arsenic  analysis  was  metde.    It  is  known  that 
stored  apples  form  a  waxy  coating  during  storage.    This  waxy  formation 
inhibits  arsenic  residue  analysis. 

Arsenic  tolerauice  of  0.02^  grain  of  cursenic  per  pound  of  apples 
is  allowed  by  the  Federal  Security  Agency.    The  use  of  oil  in  cover 
sprays  following  the  fifth  cover  spray  emd  apple  changes  in  storage, 
increase  the  difficulty  of  removing  the  arsenic  from  the  harvested 
apples  by  the  standard  acid  wash  (Table  II). 

The  determination  of  the  residue  of  DDT  was  made  late  in  December 
by  the  hydrolysis  method  of  Gxmther  (Table  II.) 


Summary 

The  trees  in  the  plot  sprayed  with  "Black  Leaf  153"  and  summer 
oil  emulsion  under  the  fixed  spray  schedule,  for  the  second  season, 
gave  the  most  effective  control.  S9«6  percent  as  expressed  as  clean 
fruit  per  plot  for  the  season.    This  yeeo*  this  plot  had  the  fifth 
highest  percentage  of  wormy  apples  of  the  7  insecticide  combinations 
used.    One  more  cover  spray  was  applied  to  this  nicotine  plot  than  was 
to  the  other  plots  or  a  total  of  9  cover  sprays  for  the  season* 


The  trees  In  the  plot  sprayed  with  lead  ar senate- zinc- sol fat e- 
siunmer  oil  emulsion  to  control  the  first  Isrood  larvae;  and  with  *'Black 
Leaf  13^"-*stunmer  oil  emulsion  combination  for  the  control  of  the  second 
brood  larvae  (biological  spray  timing),  was  second  in  effective  control 
of  SS,7  percent  clean  fruit.    This  plot  had  the  third  highest  percent 
of  wormy  apples  of  all  the  insecticide  combinations  tested. 

The  trees  in  the  plot  sprayed  according  to  the  "Top-off" 
schedule,  respraying  the  top  third  of  the  trees  immediately  was  third 
in  effective  control  or  had  86.^  percent  clean  fruit.    This  plot  had 
the  sixth  highest  percentage  of  wormy  apples  of  all  test  plots. 

The  trees  in  the  plot  sprayed  %rith  lead  ar senate-zinc  sulfate- 
summer  oil  emulsion,  with  the  oil  left  ou't  after  the  fifth  cover  spray, 
plots  2  and  7  were  fourth  and  fifth,  or  77»5  saidL  78.7  percent  respec- 
tively in  the  production  of  clean  fruit.    Both  of  these  plots  were 
relatively  low  in  the  percentage  of  wormy  apples  of  all  plots. 

The  trees  in  the  lead  arsenate  without  safener  plot  had  next  to 
the  lowest,  or  71 -7  percent  clean  fniit.    This  plot  had  next  to  the 
highest  percent  of  wormy  apples  of  all  plots. 

The  trees  in  the  plot  sprayed  with  "Gessjrol  A20  S^ray",  DDT,  and 
in  which  the  calyx  spray  was  of  the  same  material,  had  the  lowest  effec- 
tive control  of  62*7  percent  clean  apples.    This  plot  also  had  the 
highest  percentage  of  wormy  apples  of  all  plots. 

During  late  July  and  throu^  August  the  common  red  spider  popula- 
tion on  the  trees  in  the  DDT  plot  built  up  to  medium  heavy  outbreak 
numbers.    The  foliage  of  these  trees  was  more  heavily  damaged  by  this 
pest  than  on  the  trees  in  the  other  plots  where  oil  was  used  in  the 
spray  mixture. 

Zinc  sulfate  is  an  effective  safener  for  lead  arsenate  and  the 
foliage  of  the  trees  in  the  plots  ii^ere  this  chemical  was  used  in  ex- 
cellent condition  when  compared  with  that  of  the  other  plots  at  harvest 
time.    At  harvest  time  there  was  only  2^  percent  of  the  foliage  remaining 
on  the  trees  of  the  lead  arsenate  alone  plot. 

Two  applications  of  naphthedene  acetic  acid,  a  hormone  spray,  were 
applied  to  the  trees  to  prevent  premature  dropping  of  apples.  The  fruit 
on  the  trees  of  the  lead  arsenate  alone  and  DDT  plots  dropped  early,  due 
to  the  chemical  and  red  spider  injury  of  folisige  of  the  trees  during  the 
latter  part  of  the  season.  The  fruit  of  the  trees  of  the  other  plots  to 
which  the  hormone  spray  was  applied  mbs  retained  iintil  harvest  on  September 
21. 
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In  general,  the  trees  in  the  plot*  in  which  lead  cur  senate- sine 
tulf at e-> summer  oil  efflolslon  combination  was  used  had  less  worsQr  and 
more  stung  apples  than  those  in  the  fixed  nicotine  plots. 

When  summer  oil  emulsion  is  used  in  combination  with  lead  arsenate 
during  seasons  of  much  rain,  there  is  better  codling  moth  control  than 
%rithout  oil. 

When  an  orchard  is  given  a  suitable  spraying  for  codling  moth 
control,  only  a  comparatively  few  larvae  escape  to  spin  up  on  tree 
trunks.    "Oesarol  SEN^**  treated  trap  bands  killed  a  little  more  than 
one- third  of  all  the  worms  entering  the  bands;  vAiereas,  the  beta 
napthol  treated  bands  killed  sli^tly  more  than  t%ro- thirds  of  the  worms ^ 
under  similar  conditions.  , 

All  samples  of  unwashed,  stored,  harvest  apples  which  had  been 
sprayed  with  lead  arsenate,  when  analysed  for  arsenical  residue,  had 
more-^an  the  tolerance  of  0.02^  grain  of  arsenic  per  pound  of  fruit. 
The  acid  wash  did  not  reduce  all  of  the  residues  to  below  tolerance. 
The  surface  wax  formation  of  stored  apples  inhibited  the  usual  routine 
residue  removal. 

The  sample  of  harvest  apples  which  had  been  sprayed  with  DOT, 
when  analysed  for  this  chemical,  had  a  residue  of  .001  grain  of  DOT  per 
pound  of  ax>ples.    The  analysis  was  by  the  Ounther  hydrolysis  method. 
The  residue  of  .001  grain  of  DDT  per  pound  of  apples  at  the  end  of  the 
production  season  is  too -low  for  good  control. 


OFTUCST 

W.  A.  Price  and  P.  0.  Hitcher,  Kentucky  Agricultural  Experiment 
Station,  Lexington. 

There  was  a  large  carry-over  of  codling  worms  from  19^3  and  low 
winter  mortedity.    At  Paducah,  moth  emergence  began  April  26.    This  was 
only  a  few  days  after  the  application  of  the  calyx  spray.    Moth  emergence 
was  heavy  from  May  9  to  May  21  and  continued  into  early  June.  Emergence 
of  first  generation  moths  began  the  third  week  in  June  in  western  Kentucky 
and  trap  catches  later  in  the  month  were  heavier  than  at  the  peak  of  spring 
brood  emergence.    Prolonged  hot,  dry  weather  in  July  and  August  was  favorable 
for  codling  moth  establishment  and  reduced  the  effectiveness  of  lead  arsenate 
spray  deposits.    Heavy  moth  emergence  continued  during  July,  August  and 
early  September  and  there  'was  continuous  hatch  of  new  worms.    By  harvest 
time  many  crops  were  very  wormy  and  some  growers  lost  their  entire  crop. 
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At  Lexington,  moth  emergence  "began  May  12  and  continued  thro-ugh 
the  second  week  in  June.  Emergence  was  more  txinched  than  usual  with 
the  peak  of  emergence  occurring  from  May  18  to  May  22.  Smergence  of 
first  generation  moths  was  unusually  heavy  during  the  latter  part  of 
July  and  first  par.t  of  August.  Some  commercial  crops  were  unusually 
wormy  in  spite  of  repeated  spraying  with  lead  arsenate,  wectk-hordeaux 
combinations. 


MAEYLJUSD 

Castillo  Oraham,  University  of  Maryland,  Department  of 
Entomology,  College  Park. 

CODLING  MOTH  CONTROL  BY  DDT  SPRAYS  AT  COBDOYA,  MARYLAHD  IH  iqhk 

A  block  of  trees  in  em  apple  orchard  located  at  Cordova,  Maryland 
was  selected  for  tests  against  codling  moth  with  DDT  and  compared  with 
the  standard  spray  of  lead  arsenate,  oil  and  nicotine.    The  DDT  used  was 
Oesarol  AK  20  spray  >^lch  contained  20  percent  ONB  -  A  -  DDT  supplied  hy 
the  Geigy  Company,  Inc.,  of  New  York.    The  amount  of  material  listed  in 
the  sprays  represents  pounds  of  actual  DDT.    The  block  consisted  of  five 
acres  of  ten-year  old  trees  of  Stayman  Wine sap.  Red  Starklng  and  Grimes 
Golden,  which  were  partly  surrounded  by  a  block  of  old  trees  that  for 
the  past  several  years  have  had  from  ^0  to  80  percent  of  the  fruit  In- 
jured by  codling  moth,  even  thou^  a  heavy  spray  program  consisting  of 
lead  arsenate,  nicotine  and  oil  had  been  practiced.    The  block  selected 
for  the  tests  had  a  ^  percent  crop  In  19^3  ^ich  showed  close  to  100 
percent  of  the  fruit  injured  by  codling  moth  with  about  80  percent  worqy. 
In  that  year  the  entire  orchard  received  seven  lead  arsenate  sprayb,  three 
of  which  had  one  pint*  of  nicotine  sulfate  and  one  gallon  of  summer  oil 
added  per  100  gallons. 

Eight  rows  were  selected  for  the  experiment  each  of  which  con- 
tained 12  trees,  six  Stayman  Vinesap,  three  Red  Starklng  and  three  Grimes 
Golden.    Records  were  taken  on  all  the  apples  including  drops  from  one 
tree  of  each  variety  from  each  row:    3^»321  Stayman  Winesap,  18,690  Red 
Starklng  and  38,770  Grimes  Golden,  a  total  of  91t781.    All  sprays  were 
applied  by  the  grower  with  a  machine  that  gave  about  ^00  pounds  pressure; 
about  twelve  gallons  of  spray  were  applied  per  tree  per  application. 
Lead  arsenate  was  used  at  the  rate  of  three  pounds  per  100  gallons  of 
spray  unless  otherwise  stated* 

Hows  1  and  8  were  given  the  standard  treatment  consisting  of 
seven  lead  arsenate  sprays  with  one  pint  of  nicotine  sulfate  and  one 
gallon  of  summer  oil  added  to  the  2nd,  ^rd.,  6th  and  7th  covers.    Row  1 
was  located  on  one  side  of  the  DDT  block  and  separated  from  it  by  one 
buffer  row  with  the  standard  treatment.    Row  8  was  on  the  opposite  side 
of  the  DDT  plot  and  also  separated  from  it  by  a  buffer  row.    Row  2  re- 
ceived lead  arsenate  in  the  first  five  sprays  with  1  pint  of  Black  Leaf  / 
ho  and  one  gallon  of  summer  oil  added  to  the  2nd  and  "^rd.  cover  sprays. 


DDT  one  pound  plus  three  ounces  of  sodium  lauryl  sulfate  per  100 
gallons  was  used  in  the  6th  and  7th  cover  sprays.    Hov  3  received  lead 
arsenate  in  the  petal  fall  spray  and  DDT  1  l/2  pounds  plus  3  o^*  of 
sodium  lauryl  sxilfate  per  100  gallons  In  six  sprays.    Eow  U  received 
lead  arsenate  in  the  petal  fall  spray  and  1  pound  of  DDT  plus  3  ounces 
of  sodium  lauryl  sulfate  per  100  gallons  in  six  sprays.    Row  3  received 
1  pound  of  DDT  plus  3  ounces  of  sodium  laviryl  sulfate  per  100  gallons 
in  the  petal  fall  and  in  five  cover  sprays.     (Through  a  misunderstanding 
the  1st  cover  %ras  omitted.)    Eow  6  received  lead  arsenate  in  the  petal 
fall  and  l/2  pound  DDT  plus  3  otuices  of  sodium  lauryl  sulfate  per  100 
gallons  in  six  sprays.    Row  7  received  lead  arsenate  In  petal  fall  and 
1/2  pound  DDT  plus  1  potmd  lead  arsenate  plus  3  ounces  of  sodium  lauryl 
sulfate  per  100  gallons  in  six  sprays.    The  last  sprays  on  all  rows  were 
applied  July  2^.    The  materials  used,  the  average  percentage  of  worms, 
stings  and  clean  fruit  for  all  varieties  and  DDT  In  grains  per  pound  of 
fruit  on  the  &rimes  Golden  are  shown  in  Table  1. 


Table  I.     A  comparison  of  codling  moth  control  with  different  strengths 
of  DDT  and  with  other  ineectlcides 


Row 

ixO* 

naveriai  useo. 

Number 
Apples 

0 vlugB 

Worms 
and 

Clean 

DDT  1/ 
gr/iD 

1 

and 
8 

3  lb.  lead  in  7  sprays 
plus  nicotine  &  oil  in 
2,  3i  6-7  covers. 

22,187 

i 

2U.6 

13.1 

37.7 

62.3 

2 

3  lb.  lead  in  first 
five  sprays  plus  oil  and 
nicotine  in  2  and  3 
covers.    1  lb.  DDT  la 
6th  and  7th  ;:overs. 

11,96s 

17.3 

23.8 

76.2 

.030 

3 

3  lb,  lead  in  peted  fall, 
11/2  lb.  of  DDT  in 
other  six  sprays. 

10.572 

1^.3 

3-1 

82.6 

.060 

k 

3  lb.  lead  in  petal  fjdl. 
1  lb.  DDT  in  other  six 
sprays. 

12,626 

2^.2 

3-9 

28.1 

71.9 

.032 

5 

1  lb,  DDT  in  petal  fall 
(skipped  first  cover 
spray).    1  lb.  DDT 
starting  with  2nd  cover 
for  5  8x>rays. 

12,691^ 

2^.1 

U,6 

28.7 

71.3 

.035 

6 

3  lb.  lead  in  petal  fall, 
1/2  lb.  DDT  in  other  6 
sprays. 

9.663 

Ul.O 

5.1 

1^6.2 

53.8 

.022 

7 

3  lb.  lead  in  petal  fall, 
1/2  lb.  DDT  plus  1  lb. 
lead  in  other  six  sprays. 

12,000 

27.7 

^.3 

32.0 

68.0 

.021 

1/    DDT  analysis  by  the  insecticide  division  of  the  Bureau  of  Entomology 
and  Plant  Quarantine. 
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All  trees  in  the  orchard  %diere  the  teste  were  run  had  a  full  crop 
of  apples.    Past  experience  with  standard  sprays  has  shoim  that  the  lifter 
the  crop  the  greater  the  percentage  of  codling  moth  in-Jury.    This  generaliza- 
tion appears  queetiona'ble  in  light  of  the  results  obtained  with  DDT  on 
Bed  Starking  in  which  the  number  of  apples  per  tree  was  only  approximately 
one-half  the  other  rarieties,  the  percentage  of  injury  was  nearly  the  same 
when  1  pound  or  more  of  DDT  was  used.    The  number  of  apples  per  tree,  per- 
centage of  worms*  stings  and  clean  fruit  for  each  variety  in  each  test  are 
shown  in  Table  2. 


Table  II.    ▲  cosrparison  of  insecticide  treatments  according  to  size  of 
crops. 


VT-  V.  ^_ 

number 

— -  - . 

How 

ox 

Clean 

no* 

Material  useo. 

Va«*4 

Taneiy 

Apples 

Worms 

Q4>4  MAS 

SbingS 

1SWi4  ^ 
JfTUl 

1 
X 

xjeaoL  m  (  sprays  pius 

urrimes 

ZD.  J 

1  ii  9 

x*f.2 

ana 

nicObine  ana.  on  in 

aiayman 

8.7 

77  1 
77»1 

g 

Bed  Starkinf 

16.0 

1    1  V       1  Aa/I     Art    1  a  + 

)  xo*  xeao.  in  isx 

iiTe  sprays  pxus  on 

vrimes 

C  ooo 

ill  1 

7  ff 

9 

C- 

ancL  nicobine  m  c.  ana. 

ObayiDau 

f  o 

29  1 

"5  coyers.    1  lb.  DDT 

Bed  Starking 

1.700 

2S.2 

11.4 

60.4 

in  6  and  7  covers. 

3  lb.  lead  in  petal 

Grimes 

4.2S2 

12.8 

^.3 

82.9 

3 

fall,  1  1/2  lb.  DDT 

Stayman 

2.1^15 

lU.U 

1.8 

83.8 

in  other  six  sprays. 

Bed  Starking 

15-2 

4.4 

79.7 

3  lb.  lead  in  petal 

Grimes 

5»138 

1S.6 

»*.7 

76.7 

k 

fall,  1  lb.  DDT  in 

Stayman 

4,77^ 

28.2 

3.5 

68.3 

other  six  sprays. 

Bed  Starking; 

2J1U 

22.0 

3.7 

7^-3 

1  lb.  DDT  in  petal 

U.361 

66.1 

fall  (skipped  first 

Grimes 

29.1 

3.8 

5 

cover  spray) .    1  lb. 

Stayman 

5.629 

18.4 

3.8 

77.8 

DDT  starting  2 

Bed  Starking 

2,704 

30.7 

6.9 

62.4 

cover  for  5  sprays. 

3  lb.  leeid  in  petal 

Grimes 

»+,219 

42.  S 

6.^ 

50.6 

6 

fall.    1/2  lb,  DDT  in 

Stayman 

3.691 

34.3 

4.2 

61.4 

other  6  sprays. 

Bed  Starking 

1.753 

52.8 

5.3 

4i.9 

3  lb.  lead  in  petal 

U.901 

4.9 

76.3 

7 

fall.    1/2  lb.  DDT 

Grimes 

18.8 

plus  1  lb.  lead  in 

Stayman 

3.996 

23.1 

4.5 

72.4 

t 

other  6  sprays. 

Bed  Starking 

3.183 

43.7 

3.3 

53.0 
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An  analysis  of  the  percentage  of  clean  fruit  of  each  variety 
shown  in  Table  2  indicates  that  when  DDT  was  used  at  the  rate  of  one 
pound  or  more  per  100  gallons  in  six  sprays  the  percentage  of  clean 
fruit  remained  approximately  the  same  on  all  three  veurieties.  In 
those  rows  where  DDT  was  used  at  less  than  one  po\ind  in  five  sprays, 
or  one  pound  in  two  sprays  and  in  the  .check  rows,  the  clean  fruit  on 
the  Red  Starking  was  much  less  than  on  either  of  the  other  varieties. 

Discussion;    When  DDT  was  used  at  one  pound  or  more  in  five 
sprays  codling  moth  injury  was  held  to  a  minimum  until  after  August  10. 
The  other  combinations  varied  in  effectiveness  in  holding  the  first 
brood  moths,  with  one-half  pound  DDT  being  the  least  effective.  In 
all  cases  the  greater  part  of  the  injury  occurred  after  August  10.  It 
appears  reasonable  that  the  infestation  on  all  rows  could  have  been 
greatly  redticed  by  the  addition  of  two.  applications  of  spray,  one  on 
August  10  and  the  last  approximately  A\igust  2^* 

Any  combinations  in  v^ich  DDT  was  used  proved  more  effective  in 
reducing  stings  than  the  standard  spray,  but  failed  to  show  the  same 
efficiency  in  reducing  worms. 

No  injury  was  observed  to  the  trees  from  any  of  the  combinations 
used.    No  injury  was  noticeable  on  the  Grimes  or  Stayman  at  harvest, 
but  the  Red  Starking  showed  a  russeting  that  was  believed  to  be  heaviest 
on  the  row  sprayed  with  1  l/2  pounds  of  DDT. 

About  the  first  of  August,  a  severe  infestation  of  European  red 
mite  developed  on  all  the  rows  sprayed  with  DDT.    The  remainder  of  the 
orchard  received  four  applications  of  oil  and  no  red  mite  infestation 
developed. 

Conclusion;    From  these  test 9  it  appears  that  DDT  in  all  strengths 
and  combinations  used  in  these  tests  except  the  one-half  poxind  dosage, 
gave  as  good  as  or  better  control  of  codling  moth  than  the  standard  sprays 
used  as  checks. 

The  data  in  Table  2  indicate  that  where  DDT  is  used  at  the  strength 
of  one  pound  or  more  per  100  gallons  of  spray  the  percentage  of  clean 
fruit  will  be  approximately  the  same  regardless  of  the  size  of  the  crop. 
This  is  not  true  in  case  of  the  standard  schedules. 


MASSACHUSSTTS 

A.  I.  Bourne,  Massachusetts  Agricultural  Bscperlment  Station, 
Amherst. 

The  tests  in  19^  included  studies  of  the  relative  effectiveness 
in  insect  control  of  modifications  of  the  Standard  Spray  Schedule  toward 
more  acc\irate  timing  of  applications  on  insect  activity:     the  value  of 
non-arsenical  insecticides  to  supplement  the  standard  schedule  and  a 
study  of  one  form  of  DDT  (Gesarol  A-20)  as  an  orchard  spray  material. 
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All  materiede  were  used  in  combiziation  with  wettal)le  sulfur  to 
determine  their  compatiMlity  and  effectiveness  in  disease  control. 

The  early  part  of  *  the  season  was  somewhat  ahead  of  normal  and  up 
to  and  through  the  Calyx  application  the  sprays,  since  they  are  based 
on  hud  development,  were  correspondingly  advanced.    It  was  necessary 
to  insert  a  special  cvirculio  application  between  the  Ist  and  2nd  cover 
sprays  to  bring  the  schedule  back  into  line.    Consequently  the  2nd 
cover  and  following  applications  were  in  close  correspondence  with 
similar  sprays  in  normal  years. 

Eaiphasis  was  laid  on  the  emergency  Codling  Moth  Spray  Inteirposed 
between  the  2nd  and  "J^rdL  Covers  which  was  intended  to  fill  the  gap 
existing  between  the  2nd  Cover  about  mid- June  and  the  ^rd.  Cover  in 
early  July.    Normally  this  space  of  nearly  a  month  is  vacant  and  ex- 
perience had  indicated  that  thi^  gap  allows  much  Codling  Moth  activity 
to  take  place. 

Special  interest  was  shown  in  the  study  of  DDT  in  the  control  of 
orchard  pests. 

The  season  was  not  conducive  to  spray  injury  provided  reasonable 
ceure  was  taken  in  selecting  dates  for  application.    None  of  the  applica- 
tions were  made  under  extreme  conditions  of  either  tempera ttire  ot  humidity, 
and  no  trace  of  spray  injury  of*  ftuit  russeting  %iras  noted. 


Treatments  and  Results. 


(l)    In  the  sprayed  plots  codling  moth  damage  was  almost  entirely 
confined  to  late  season  "stings."    The  results  following  the 
different  schedules  were  as  follows: 


Treatment 


Percentage  of  Codling 
 Moth  Dametge  


Standard  Schedule  l/ 


15.6 


Standard     1  application  Pixed  Nicotine 
replacing  lead  in  kth  Cover 


13.6 


Standard  Schedule  with  Fixed  Nicotine 
in  ^th  Cover  and  a  mid-Aogust  spray 


5.2 


Standard  Schedule  with  emergency  spray 
between  2nd  and  Jrd  Covers 

Oesarol  (DDT  A-20).  2  lb.  to  100  gallons 


10.2 


Check 


57.9 


1/    Standard  8ched\ile  for  codling  moth  (Materials  per  100 
gadlons). 
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1/    ( Continued) 

Calyx  -  Lead  arsenate,  U  Ih,;  line,  8  IT). 

Tirtt  Corer  (5  days  after  petal-fall     time  tmtil  maxlaun 
tenperature  reaches  75         promises  to  reach  it  on  2 
successiye  days)  -  Lead  arsenate,  U  lb»;  lime,  8  ll)*; 
fish  or  raw  linseed  oil,  1  pt. 

Second  Oorer  (7-10  days  after  1st  corer)  Lead  arsenate, 
k  Ih.;  lime,  8  lb.,  or  3*1  sulfur-lead  arsenate  dust. 

dird  CoTer  (about  July  10)  -  Lead  arsenate,  3  lb*;  lime, 
6  lb.  or  8^:15  sulfur-lead  arsenate  dust. 

fourth  Coyer  (2-3  veeks  after  ^rA  coTer)  -  Lead  arsenate, 
2  lb.;  lime  k  lb.  or  83:13  sulfur-lead  arsenate  dust. 


(2)    In  one  block  in  which  magnesium  sulfate  (Ipsom  sedts)  was 
applied  to  correct  magnesium  deficiency,  seuiiples  of  fruit  from 
both  treated  and  untreated  areas  of  the  same  block  were  checked 
at  the  request  of  the  manufacturer  for  relatire  amounts  of  in- 
sect and  disease  injury.    Codling  moth  injury  in  this  block  was 
as  follows! 

Standard  schedule  (no  magnesium)  2.1^  codling  moth  injury 
Standard  schedule  (^  magnesium)        3*^^  codling  moth  injury. 


(3.)    In  one  block,  in  cooperation  with  a  leading  insecticide 
company,  tests  were  made  of  the  cooparatire  ralue  of  a  specially 
prepared  heaigr  deposit-building  dust.    Ihe  entire  block  reeeiTed 
the  Standard  Schedule  through  the  calyx  application.    A  portion 
of  the  block  was  subsequently  di-rided  into  two  sections,  one  re- 
eeiring  the  heaiy  deposit  dust  and  the  other  the  regular  type  dust 
for  the  remainder  of  the  season,    fhe  comparative  results  were  as 
follows: 

Standard  Spray  Schedule  6.8U^  codling  moth  injury 

Regular  type  dust  3*^3^  codling  moth  injury 

Heavy  deposit  dust    3^      codling  moth  injury 


-  53  - 


MISSOURI 

Lee  Jenkins*  Missouri  Agriculturcd  Experiment  Station,  ColumMa. 


I.  Seasonal  conditions  and  status  of  codling  moth  infestations 
during  19^^ 

The  OYer%rintering  codling  moth  populations  in  the  state,  as  a 
whole,  were  a  little  "below  the  average  in  the  spring  of  194^.  The 
populations  in  the  Unirersity  orchard^  where  most  of  the  escperimental 
work  was  done,  were  fairly  high.    The  cool  weather  during  early  spring 
prevented  the  first  moths  from  appearing  till  ahout  ten  days  later 
than  normal.    First  brood  control  was  reasonably  good.    Weather  con- 
ditions ideal  for  codling  moth  derelopment  during  the  second  and  third 
broods  allowed  worms  to  cause  severe  damage  to  the  apple  crop  over 
most  of  the  state.    Northwest  Missouri  had  more  rainy  weather  than 
most  of  the  remainder  of  the  state,  and  the  cleanest  fruit  was  grown 
in  that  area. 

II.  Studies  on  codling  moth  biology  or  behavior. 

Studies  are  being  made  to  determine  the  influence  of  variety 
and  date  of  ripening  of  apples  on  the  codling  moth  populations  that 
carry-over  winter  on  the  tree  trunks.    Bait  trap  records  were  kept 
in  five  areas  of  the  state. 

III.  Results  of  control  experiments. 

Experimental  set-up.    The  major  part  of  the  experimental  work 
in  19^  was  carried  on  in  the  University  Orchards,  near  Columbia,  in 
cooperation  with  H.  G.  Swartwout  of  the  Horticultural  Department. 
Jonathan,  Ben  Davis,  York,  Winesap,  and  King  David  varieties  were  used 
in  the  test.    Due  to  a  light  crop,  it  %rais  necessary  to  use  some  Jonathan, 
Winesap,  and  King  David  trees  that  were  not  too  uniform.    It  was  also 
necessary  to  use  blocks  of  trees  in  a  number  of  different  areas  in  the 
orchard  with  varying  infestations.    The  Torks  and  Ben  Davis  were  fairly 
uniform. 

Injury  to  foliage  and  fruit.    Lead  arsenate  used  all  season 
without  a  corrective  severely  injured  the  foliage  of  Jonathan  and  Ben 
Davis.    Arsenate  of  iron,  known  as  scorodite,  caused  severe  foliage 
injury  to  York  tfdien  used  at  the  rate  of  three  pounds  to  100  gallons. 
Nicosol  at  3/^  percent,  starting  in  the  third  cover,  caused  considerable 
of  the  characteristic  oil  spotting  on  the  fruit.    Black  Leaf  1^3  smdi  oil 
and  Fermate  used  all  season  caused  a  sooty  deposit  to  form  on  the  fruit 
and  foliage  and  caused  the  Yorks  and  Ben  Davis  to  crack  badly.  DDT 
alone,  or  with  oil,  did  not  cause  any  injury  to  the  fruit  or  foliage. 
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Control  "by  Ingeotlcldeg, 

Ths  following  arseniced  naterlals  were  used  (dosages  are 
for  100  gallons):    (l)  Lead  arsenate  alone,  (2)  lead  arsenate 
and  Feraate',  (3)  lead  arsenate  and  1-1-100  sine  lime,  (U)  lead 
arsexuite  in  first  two  corers  follo%red  lay  Black  Leaf  1^3 1  (^) 
Black  Leaf  1^^  without  oil,  (6)  Black  Leaf  1^^  with  1  qttart  of 
oil  and  Black  Leaf  155  with  2  quarts  of  oil.  (7)  Nicosol  3/4 
percent  plus  1  pound  bentonite  starting  in  third  cover,  (S) 
Kolofiz,  3  pounds  plus  1  pint  nicotine  sulfate,  starting  in 
the  fifth  coTer,  (9)  tank-aiix  nicotine  bentonite,  using  4 
pounds  Mississippi  bentonite,  l/2  gallon  of  oil,  and  1  pint  of 
nicotine  sulfate,  starting  with  fifth  coyer,  (lO)  2  pounds  of 
20  percent  BDT  (Oesarol  A20  spray),  (ll)  k  poxmds  of  20  percent 
SDT  (Gesarol  A20  spray),  and  (12)  1  quart  of  SB  20  aesarol. 

All  plate  received  nine  cover  sprays,  except  the  nicotine 
idiich  received  one  additional  spray.    The  last  spray  for  all 
plats,  except  the  nicotine,  was  applied  on  iugust  23*    The  last 
nicotine  spray  was  made  on  September  5*    Lead  arsenate  was  used 
at  the  rate  of  3  pounds  per  100  gallons  in  all  but  the  second 
and  third  covers,  iriiich  had  U  pounds  each.    Lead  arsenate  was 
used  preceding  all  spray  programs,  except  the  nicotines  which 
started  in  the  fifth  cover.    In  these  plats,  Black  Leaf  155* 
2  potmds,  and  summer  oil,  I/2  gallon,  was  used  in  the  fourth 
cover,  preceded  by  the  regular  lead  arsenate  program  in  the 
first,  second  and  third  covers. 

The  results  are  given  in  the  following  table: 


On  King  David 


Treatment 

No. 
Trees 

— ir- 

Vormy 

56 

Stun^ 

Clean 

SDT  (Oesarol  ▲  20  Spray)  U  lb.  to  100, 
beginning  in  2nd  cover 

5 

61.5 

20.2 

18.3 

Gesarol  A  20,  2  lb.  to  100,  beginning  in 
2nd  cover 

72.1 

13.2 

ik.S 

ffesarol  SR  20,  1  qt.  to  100  gallons 

5 

21.7 

30,k 

Lead  Arsenate  and  Zinc  Lime 

5 

5?. 7 

25,9 

20.2 

Lead  Arsenate  alone 

1 

^2.8 

3^.2 

22.9 

On  York  (beginning  with  coyer) 


Treatment 

BO. 

Trees 

Wonsy 

Stuni: 

Clean 

Gesarol  A  20.  2  lb.  to  100 

2 

22.5 

weutroi  A  2Ui  M-  ID.  TO  XUU 

C 

.  -  ,S*>,T.9. 

31*2 

Gesarol  A  20,  2  lb.  to  100,  plus 
k  lb.  Mike  Sulfur 

I 

^2.3 

30.0 

.  ?7f6  , 

Oeearol  SH  20.  1  qt.  to  100  jcallont 

2 

Ul^.5 

29.5 

2U.8 

Arsenate  of  iron,  known  as  scorodlte,  3 
per  100  /gallons 

2 

69.2 

12.9 

17.8 

On  Jonathan.  Block  Ho.  1 

Nicosol          plus  1  lb.  bentonlte. 
starting  in  third  cover 

3 

?.3 

10.1 

Eolofiz,  3  ^^'t  P^^B  1  pt.  nicotine  sulfate 
to  100  eallons.  starting  in  fifth  cover 

3 

82.9 

9f3 

Tank-mix  Bentonlte.  k  lb.  Mississippi 
bentonlte,  1  pt.  nicotine  sulfate,  2  qt. 
summer  oil  to  100  gallons,  starting  in 
fifth  cover 

3 

lO.U 

2i^.6 

Lead  Arsenate  plus  1-1-100  Zinc  Lime 

1 

86.9 

6.9 

6.1 

On  Jonathan.  Block  Ho.  2 

Lead  Arsenate  alone 

1 

49.1 

21.7 

29.0 

Lead  Arsenate  plus  1-1-100  Zinc  Lime 

1 

35.,7 

31.7 

32.5 

Black  Leaf  155.  3  lb.  to  100  «alloi^ 

1 

75.0 

5.8 

19.1 

Black  Leaf  155.  2  lb.  plus  1  qt.  summer  oil 

1 

56.U 

13.6 

29.8 

Black  Leaf  155.  2  lb.  plus  2»qt,  summer  oil 

1 

3^.0 

7.5 

58.^^ 

56- 


On  York 


Treatment 

Ho. 
Trees 

5& 

Wo  ray 

Stung 

Clean 

Blaelc  Leaf  133,  2  lb..  Sasuner  oil,  2  qt. 
to  100  eallone 

1 

Xnd  Tree 

38.2 

19.7 

h2.0 

Black  Leaf  133*  2  lb.,  SuBuner  oil,  1  qt. 
to  100  xallone 

1 

27.1 

20.2 

52.6 

Black  Leaf  155.  3  lb.  to  100  eallons 

1 

60.6 

20.1 

Black  Leaf  IS&V  3  11>..  'ernate,  1  lb. 
to  100  «»llone 

1 

1^5.7 

28.3 

25.9 

Black  Loaf  155*  3  ^^'t  'eraiate,  1  lb. 
to  100  gallons 

1 

Xnd  Tree 

23.1 

11.5 

Lead  Arsenate ,  plus  1-1-100  Zinc  Llae 
to  100  ffillona 

1 

35.8 

U2.9 

21.1 

Lead  Arsenate  alone 

1 

1S.9 

U7.2 

?V9 

Lead  Arsenate  plus  ?eraate,  1  lb. 

to  100  «:ea.lons 

1 

13.2 

On  Ben  Dayis 

Lead  Arsenate  alone 

1 

27.9 

35.2 

36.9 

Lead  Arsenate  plus  1-1-100  Zinc  Line 

1 

31.1 

?»^.7 

32.1 

Lead  Arsenate  plus  V^rmate,  1  lb. 

1 

59.U 

23.7 

16.9 

Lead  Arsenate  plus  Termate,  1  l/2  lb. 

1 

5«.0 

3H.0 

8.0 

Black  Leaf  135t  2  lb.,  Sunmer  oil,  1  qt. 
to  100  gallons. 

1 

2^.9 

lU.U 

60.6 

Black  Leaf  1^5*  2  lb.,  Sunmer  oil,  2  qt. 
to  100  gallons 

1 

2U.6 

12.2 

63.1 

Black  Leaf  155.  3  lb.  to  100  gallons 

1 

hS.2 

18.0 

35.8 

On  Vinesap 

Lead  Arsenate 

2 

36.7 

Ug.l 

15.1 

Lead  Arsenate  plus  1  l/2  lb.  Ternate 
all  season 

2 

62.8 

hi 

Dormant  tree  tnuak  apray  for  controlling  overwintering  codling  aoth  larrae. 

This  method  of  control  was  tested  In  March,  19^»  and  the  following 
materials  were  used  per  100  gallons  of  spregr: 

Stove  oil  (32  viscosity)   * 

Dlnltro-ortho-cresol   

Sthylene  glycol  mono'butyl  ether 

yerrlc  chloride   

Dreft   

Trichloroethyljene  •.  


mhree  different  treatments  were  coinpared.    The  dlnotro-ortho- 
cresol  was  dissolved  In  acetone  tor  aU  applications  made  at  Columhla. 

1.  One  treatment  In  indilch  the  special  penetrant  was  used  and 
the  oil  and  BNOC  were  added  separately. 

2.  One  treatment  with  the  penetrant  omitted  and  the  oil  and 
DNOC  added  separately. 

3*    ^®  treatment  with  the  penetremt.  In  idilch  the  oil  and  the 
DNOC  were  mixed  together  before  adding  to  the  spray  tank. 


Eesults: 

In  Humbers  1  and  2,  the  DNOC  formed  a  preclpltat*?  which 
settled  to  the  bottom,  and  the  kill  was  about  20  percent. 

In  Number  3»         materials  remained  mixed  well  and  gave 
100  percent  kill  of  17  larvae  found  on  five  Mlnkler  trees. 
Check  counts  showed  12  larvae  alive  and  none  dead. 

Mr.  Harry  Ouengerlch,  at  the  Unity  Tkrm,  Lees  Summit,  Missouri, 
used  the  same  formula  as  was  used  In  Number  3  above,  without  the 
ferric  chloride,  applied  to  about  30  trees.    He  obtained  over  80 
percent  kill. 

In  Novembex^  19^4,  Mr.  Ouengerlch  used  the  following  formula 
to  kill  codling  moth  larvae  on  tree  trunks: 

8  pounds  of  UO^  DNOC  manufactured  by  Niagara  Chemical  Company 
13  gallons  of  stove  oil 
1/2  pint  of  B-1956 

Ihe  DNOC  In  this  formula  was  readily  soluble  In  oil  and  did  not 
require  a  special  solvent  for  mixing.    Additional  agitation  In  the 
spray  tank  was  required  to  keep  the  material  mixed  sufficiently. 


16  2/3  gallons 
3  pounds 
1  1/2  gallons 

l/S  ounce 
6  ounces 
11/2  gallons 


Tan  d«7t  af t«r  spplleation,  counts  on  four  trees  showed  20 
larrae  dead  and  2  allT*.  Ihose  alire  were  on  a  wsall  scaffold 
branch  that  was  not  well  sprayed. 

01>8erTatlons  on  other  Insects. 

▲11  of  the  DDT  (Oesarol)  sprays  Mentioned  gaTe  ^ood  control  of 
leafhoppers  on  ai>ple. 

Oesarol  A  20  Spngr*  at  k  pounds  per  100  gallons,  did  not  control 
San  Jose  Scale  on  the  fruit. 


VXV  JIRSIT 

B.  f .  Driggers*  Hew  Jersey  igri cultural  Xxperiaent  Station, 
Hew  Brunswick. 

I.  Seasonal  Conditions  and  Status  of  Codling  Moth  Infestations 
During  IW. 

There  was  a  rather  heary  carry-OTer  of  worms  froa  the  19^3 
season,  tdiich  was  hot  and  dry  during  July,  August  and  September  when 
second  and  third  brood  worms  were  spinning  winter  cocoons.    The  heavy 
earry-OTer  of  worms    was  partly  offset  by  about  normal  rainfsdl  and 
temperature  during  the  last  half  of  May  and  the  month  of  June  when  the 
first  brood  of  worms  was  l;iatching.    During  July,  August  and  the  first 
half  of  September  abore  normal  temperatures  and  below  normal  rainfall 
was  e3q>erienced  orer  the  state  as  a  lAole  (the  weather  bureau  reported 
the  July-August  period  the  hottest  and  driest  period  on  record  for  the 
state).    The  weather,  therefore,  was  quite  favorable  to  codling  moth 
during  the  period  second  and  third  brood  worms  were  active.    The  season 
as  a  whole  can  be  recorded  as  one  in  %^ch  codling  moth  was  quite  diffi- 
cult to  control  and  the  insect  caused  extensive  damage  in  many  orchards* 

II.  Studies  on  Codling  Moth  Biology  or  Behavior. 

Ho  work  done  except  maintaining  bait  pans  and  emergence  cages 
for  the  purpose  of  timing  moth  emergence  and  worm  activity. 

III.  Basults  of  Control  Ixperimentt. 

A.    Control  by  Insecticides. 

Yield  escperlaents  aiaed  at  improving  the  control  of  codling 
moth  were  carried  on  in  two  orchards  in  southern  Hew  Jersey,  one 
at  Shiloh  and  one  at  Olassboro,  and  one  in  central  Hew  Jersey  in 
the  College  IWra  orchard  at  Hew  Brunswick.    In  all  of  the  experi- 
ments  DDT  wai  tested  in  comparison  with  the  standard  lead  arsenate 
or  nicotine  schedules. 
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IgperlmentB  at  Shlloh.    Two  'blocks  of  early  ripening 
varieties.  Yellow  Transparent  and  Williaas  Xarly  Bed,  in  the 
orchard  of  Gorson  and  MeCormick  at  Shiloh  were  used  to  coapare 
DDT  with  lead  arsenate  as  a  control  for  codling  moth  and  Japanese 
beetle.    These  experiments  were  carried  out  in  cooperation  with 
Dr.  W.  5.  Fleming  of  the  Japanese  Beetle  Laboratory  of  the 
federal  Bureau  of  Xntoaology  and  Plant  (Quarantine.    Dr.  Tleming 
supervised  the  preparation  and  application  of  the  DDT,  using  the 
equipment  (portable)  and  spray  crew  of  the  orchard  owners.  The 
writer  made  the  codling  moth  counts  at  the  end  of  first  brood 
worn  attack  Just  before  the  fruit  was  harvested. 

The  DDT  used  in  the  two  blocks  of  apples  at  Shlloh  was  of 
the  following  coopositiont 

DDT  micronized  with  an  equal  wei^^t  of 

Pyrophyllite   2  lb. 

Glue  solution  (l  pound  of  fish  glue  per 

gallon  water)   1  pt. 

Orthol-E  eaaulsion   2  pt. 

Water  100  gal. 

!Ilhe  source  of  the  DDT  was  the  Geigy  Conpaoy  of  Hew  Tork. 

Both  the  Yellow  Transparent  and  Williams  Red  blocks  of 
apples  were  sprayed  with  lead  arsenate  at  the  petal  fall  and 
first  and  second  cover  sprays  during  Nay.    On  Hay  3^Bt,  at  the 
time  the  third  cover  spray  was  due,  part  of  the  Yellow  Trans- 
parent block  (about  12  rows)  and  part  of  the  Williams  Bed  block 
{k  rows)  were  sprayed  with  the  DDT  mfxture.    The  remainder  of 
each  block  was  sprayed  on  the  same  date  with  lead  arsenate  (2 
pounds  to  100  gallons)  and  summer  oil  emulsion  (0.75^  oil), 
following  this  third  cover  spray  the  entire  block  of  Yellow 
Transparent  and  Williams  Bed  (including  the  DDT  plots)  were 
sprayed  twice  in  June  with  oil-nicotine.    This  gave  3  cover 
sprays  of  lead  arsenate  alone  or  with  oil  or  oil  plus  nicotine 
against  first  brood  in  which  DDT  was  substituted  for  lead  ar- 
senate in  one  cover  spray — ihe  third — for  lead  arsenate-oil. 

Codling  moth  counts  were  made  in  the  DDT  and  standard  sprayed 
plots  in  the  Yellow  Transparent  block  on  July  6  and  in  the  Williams 
Bed  block  on  July  21st.    In  making  these  counts  ten  trees  in  each 
plot  were  selected  >diich  carried  a  full  crop  of  fruit.    One  hundred 
apples  were  examined  On  each  tree.    A  stepladder  was  used  and  the 
apples  were  examined  at  random  from  the  ground  and  as  hi^  as  one 
could  reach  from  the  ladder.    In  addition  to  the  tree  fruit  counts, 
the  writer  picked  up  and  examined  all  the  dropped  apples  from 
tinder  each  of  five  trees  in  the  DDT  plot  and  each  of  five  trees  in 
the  standard  plot  in  the  Yellow  Transparent  block  of  trees.  The 
data  obtained  are  set  forth  in  Table  I. 
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Table  I.    Percentage  of  stang  and  wormy  apples  on  DDT  standard 
sprayed  plots. 


Iftuober  Sxamined 

Percentage 

Apples 

Treatment 

Trees  Apples 

Stung 

Wormy 

lellow  Transparent  (on  tree) 

DDT  1/ 

10  1000 

l.U 

0.1 

Standard  2/ 

10  1000 

U.l 

1.0 

Yellow  Transparent  (drops) 

DDT 

2.8 

Standard 

ik.s 

15.7 

Villiams  Xarly  Red  (on  tree) 

DDT 

10  1000 

1.6 

0.0 

Standard 

10  1000 

3.9 

if    standard  treatment  except  DDT  substituted  for  lead  arsenate 
plus  summer  oil  in  third  of  five  cover  sprays. 

2/    I'irst  and  second  covers ,  lead  arsenate;  third  cover »  lead 
arsenate  plus  summer  oil  emulsion;  fourth  and  fifth  covers, 
summer  oil  emulsion  plus  nicotine. 


The  data  in  table  1  shows  that  the  codling  moth  infestation 
in  both  the  lellow  Transparent  and  Williams  Sarly  Bed  blocks  was 
low,  averaging  ^  percent  or  less  total  codling  moth  injury  on 
both  varieties  in  the  standard  sprayed  plots.    There  was  a  re- 
duction in  both  st\ing  and  wormy  firuit  on  both  varieties  where 
DDT  was  used  once  at  the  rate  of  1  pound  to  100  gallons  in  the 
third  cover  spray  to  replace  lead  arsenate.    The  examination  of 
dropped  apples  in  the  Yellow  Transparent  block  shows  nearly  7 
times  as  many  stung  and  wormy  drops  under  5  standard  sprayed 
trees  as  were  found  under  ^  DDT  sprayed  trees.    No  foliage  or 
fruit  injury  was  obeerved  on  any  of  the  plots. 


Experiment g  at  Crlass'bQgOo    Tho  Qi2rp©£^iaimiu  afe  ©lassljor© 
were  carried  out  in  a  block  of  Bome  treeg  where  codling  moth 
injury  had  been  severe  in  past  years.    Ihe  block  of  trees  .con- 
sisted of  15  rows  of  approximat*ely  20  trees  per  row^  Th.® 
entire  block  received  a  petal  fall  and  M-  cover  sprays  of  load 
arsenate  or  lead  arsenate  and  oil  plus  I/2  pint  of  nicotine  to 
100  gallons  of  spray  in  each  of  the  k  cover  sprays,    Th®  differeis» 
plot  treatments  were  begun  on  June  27th  at  th©  tiao  the  ^th  cover 
spray  was  due,  at  which  time  first  brood  ©gg  hatching  was  about 
completed  and  before  second  brood  egg  laying  had  beguno  Plot 
consisting  of  one  row  of  trees  near  the  center  of  the  blocko  W!3 
sprayed  with  1  I/2  pounds  of  special  Black  Leaf  155  pl'ae  P.  quarts 
of  summer  oil  (the  special  Black  Leaf  155        ?aad©  ^th  Mississippi 
Bentonite  instead  of  Wyoming  Bentonlt@)«    Plot  2,  consisting  of 
three  rows  of  trees  adjoining  plot  one,  was  sprayed  with  regular 
Black  Leaf  155 1  1  I/2  pounds  to  100  gallons  plus  tw©  <^v^rj3  of 
summer  oil.    Plot  3»  consisting  of  5  3?ws  of  trees  adj©igiia{| 
plot  2.  was  sprayed  with  Mississippi  bentonite  S  p©i2nd3  plii® 
nicotine  sulfate  1  pint  plus  summer  ©il  1  fosrt  t®  100  gallons 
of  water e    Plot       consisting  of  6  rows  adjoining  plot  I9  m@ 
sprayed  with  lead  arsenate  3  pounds,  lim@  3  pounds  plus  eum^®r 
oil  1  quart  to  100  gallonse 

An  interval  of  two  weeks  elapsed  betweea  the  fir@t  plot 
treatment  (5th  cover  spray  at  end  of  first  brood)  and  th®  second 
spray  at  the  beginning  of  second  brood  on  Jvlj  12e    M  that  time 
plots  1,  2,  3        ^  were  sprayed  the  same  as  the  first  gprs^  on 
June  27th,    At  this  time  a  fifth  plot,  made  up  of  15  trae^  on  one 
row  in  the  standard  lead  arsenate  plot  m@  ©ps'i^ed  with  5  pounds 
of  DDT-pyrophyllite  (20-80)  to  100  gallons  of  water  plus  l/g 
pound  of  soybean  flour.    Three  additional  sprays  were  applied 
against  second  brood  codling  moth  on  plot@  Ig  2:,  3  az^d ^  on  July 
22nd,  August  Ist  and  August  12th.    No  additional  spray  applica- 
tions were  made  on  plot  5»         ^^'^  ploto 

To  determine  codling  moth  control  on  the  various  plot©  th@ 
writer  selected  6  trees  with  uniform  crops  in  each  plot  ©xe®pt 
plot  5  where  only  3  trees  were  selected,    Bropped  apples  undes' 
these  trees  were  collected  every  10  days  from  July  15th  to 
harvest  on  October  11th  and  scored  as  clean  or  codling  moth 
injured.    At  harvest  the  frriit  remaining  on  th©  trees  was  scored 
in  like  manner « 

The  results  from  the  combined  drops  and  picked  fruit  are  s®t 
forth  in  Table  II, 
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Table  II.    Relative  codling  moth  control  on  plots  sprayed:     (l)  Special 
Black  Leaf  155  plus  oil;  (2)  Regular  Black  Leaf  155  Plus  oil; 
(3)  Tank  mixed  Mississippi  Bentonite  plus  1  quart  of  oil;  (k) 
Lead  ar senate-oil  and  (5)  DDS-Pyrophyllite  (one  spray  appli<sa- 
tion). 

sssssaaeaagagggss  ....  —  .        .  . 


Plot  Number 


Tree 

1 

2 

3 

5 

No, 

C 

W 

c 

W 

c 

W 

c 

W 

C 

w 

1 

270 

531 

IIU3 

152 

71^ 

130 

877 

359 

1274 

2 

52 

292 

285 

1182 

90 

828 

199 

0O3 

3 

2S3 

1085 

188 

1039 

315 

91^0 

170 

1111 

1^7 

1021 

k 

291 

380 

13^ 

652 

217 

1075 

323 

1088 

5 

257 

647 

39U 

1139 

266 

1183 

3iK) 

1065 

6 

250 

67U 

329 

1326 

U72 

1525 

155 

635 

Totals 

lU0"5 

U286 

1785 

6193 

1707 

6619 

1208 

560U 

705 

3098 

Percent 

2U.6, 

75.^ 

22r3, 

77-7 

20.5 

79.5 

17.7 

82.3 

I8.5 

81.5 

W  s  Codling  moth  injury  (worm  holes  and  stings  combined). 
C  =  Clean  (free  of  codling  moth  stings  or  worm  holes). 


TtL9  data  in  table  2  shows  a  high  percentage  of  codling  moth 
injury  in  all  plots.    This  was  not  unexpected  because  a  considerable 
number  of  first  brood  larvae  got  by  the  early  first  brood  sprays. 
This  was  due»  ia  a  large  measure,  to  the  failure  of  the  grower  to 
spray  from  underneath  the  trees,  especially  in  the  first  three 
cover  sprays  of  first  brood.    Failure  to  cover  the  fruit 
thoroughly  during  first  brood  plus  hot,  dry  weather  during  July 
and  August  added  up  to  a  heavy  attack  by  second  brood  codling 
moth  larvae. 

Under  the  conditions  encountered,  none  of  the  plot  treat- 
ments gave  a  satisfactory  control  of  second  brood  codling  moth 
when  applied  at  intervals  of  10  days.    Of  the  five  spray  com- 
binations tested,  the  special  Black  Leaf  155        oil  was  first 
with  2U.6  percent  clean  fruit,  followed  by  the  regular  Black 
Leaf  155  and  oil  with  22.3  percent  clean  fruit,  followed  by  tank 
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mixed  Mississippi  "bentonite-nicotine-oil  with  20,5  percent 
clean  fruit.    The  lead  arsenate-oil  was  the  poorest  treatment 
with  only  17 •  7  percent  clean  'fruit.    The  one  application  of 
DDT-pyrdphyllite  applied  July  12th  held  codling  moth  as  well 
as  the  lead  arsenate^oil  which  received  three  more  spray 
applications  thaA  the  DDT  plot. 

Experiments  at  College  "Farm.    Preliminary  spraying  experi- 
ments with  DDT  were  carried  out  on  a  few  apple  trees  in  the 
College  Farm  variety  hlock  in  cooperation  with  Doctor  (rinshurg 
of  this  Department.    One  tree  of  ieach  of  the  five  varieties: 
Wlnesap,  Home,  Wealthy,  Wagner  and  Starr  were  sprayed  Vith  DDT- 
pyrophyllite  (20-80)  ^  pounds  to  100  gallons  plus  sulfur  plus 
1/2  pound  soybean  flour  at  the  petal-fall  and  in  four  cover  sprays 
against  f|.r8t  brood  codling  moth.    The  remainder  of  the  block  was 
sprayed  the  same  number  of  times  with  the  standard  treatment  of 
lead  arsenate,  sulfur,  lime  and  soybean  flour.    At  the  end  of 
first  brood  codling  moth  attack  counts  on  codling  moth  and 
curcullo  injury  were  made  on  the  DDT  sprayed  trees  and  the 
lead  arsenate  sprayed  trees.    The  results  are  set  forth  in 
Table  III. 


Table  III.  Percentage  of  codling  moth  and  curcullo  injiired  apples  on 
five  varieties  of  apples  sprayed  five  times  with  DDT  com- 
pared to  apples  sprayed  five  times  with  lead  arsenate. 


Percentage  Apples 

Showing 

Plot 
Treatment 

Variety 

No.  Apples 
Examined 

CM. 

Stings 

CM. 
Worms 

CurcTillo 

DDT 

Wlnesap 

200 

5.0 

3.0 

10.0 

Home 

200 

1.0 

19.5 

Wealthy 

200 

2.0 

0.0 

23.5 

Wagner 

200 

3-0 

0.0 

50.0 

Starr 

200 

2.5 

0.5 

17.0 

Lead  Arsenate  Wlnesap 

200 

13-0 

9.5 

Home 

200 

10.5 

6.0 

1^.5 

Wealthy 

200 

6.0 

18. 5 

Wagner 

200 

IS.O 

6.0 

U5.0 

Starr 

200 

9.5 

^+.5 

21.5 
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The  data  in  table  3  shows  that  a  petal-fall  and  U  cover 
sprays  of  DDT  (l  pound  of  DDT  to  100  gallons)  were  superior  to 
a  petal-fall  and  k  corer  sprays  of  lead  arsenate  in  controlling 
first  "brood  codling  moth  on  single  tree  plots  of  five  varieties 
of  apples.    A  rather  high  percentage  of  apples  showed  curculio 
stings  in  "both  the  DDT  and  lead  arsenate  sprayed  fruit.  The 
data  indicate  that  the  DDT  was  a  little  less  effective  than  the 
lead  arsenate  in  holding  down  curculio  injury. 

A  careful  check  was  made  from  week  to  week  throughout  the 
season  to  see  if  any  injury  to  fruit  and  foliage  resulted  from 
the  DDT  spray.    None  was  observed.    It  was  noted*  however,  that 
the  European  red  mite  built  up  much  earlier  on  the  DDT  sprayed 
trees  than  on  the  lead  arsenate  sprayed  trees.    By  the  middle  of 
July  the  foliage  was  bronzed  from  red  mite  on  the  DDT  trees 
whereas  the  lead  arsenate  sprayed  trees  showed  little  or  no 
bronzing  and  comparatively  few  mites.    Two  sprays  of  DN-111  were 
used  to  clean  up  the  mite  popvilation  on  the  DDT  trees  in  mid-July 
after  they  had  become  bronzed  from  the  heavy  red  aite  feeding* 
The  lead  arsenate  sprayed  trees  were  also  sprayed  with  DK-111  to 
prevent  a  build-up  on  those  trees. 


HZV  TOBK 

S.  V.  Harman,  New  Jork  State  Agricultural  Experiment  Station, 
Oeneva. 

BXSULTS  07  CODLIHG  MOTH  INV2STI0ATI0HS  IV  WESTERN  NEW  TOBK.  I9UU 

I.  Seasonal  conditions. 

The  season  of  19^  was  unusTially  favorable  for  codling  moth 
development  making  it  necesseury  to  use  a  full  schedule  of  summer  sprays 
for  maximum  protection  against  both  first  and  second  broods  of  worms. 
There  was  a  good  crop  of  apples  produced  by  the  better  class  of  growers 
while  on  the  other  hand  there  was  an  abundance  of  woriny  and  scabby  fruit 
where  haphazard  methods  of  control  were  practiced.    If  it  were  not  for 
the  high  prices  paid  for  apples  it  wotild  not  have  paid  to  sttenq;)t  to 
redse  clean  fruit  in  certain  sections  where  the  heaviest  infestations  of 
codling  moth  occurred.    Spiking  lead  arsenate  sprays  with  nicotine  during 
peak  periods  of  worm  activity  is.  rapidly  becoming  a  general  practice* 

II.  Control  with  sprays* 

As  major  interest  centers  in  DDT  materials  this  season  the  results 
of  tests  with  sprays  will  be  confined  mainly  to  this  material*    Ttie  DDT 
used  in  the  tests  was  (reigy's  Gesarol  AK20.    At  the  concentration  used  it 
afforded  protection  almost  identical  with  lead  arsenate  when  applied  at 
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10-day  to  2-week  intervals  (Plots  1  and  2  in  the  table).    When  the 
interval  between  applications  was  increased  to  3  weeks  or  more  the 
control  dropped  appreciably  (Plot  3).    Bie  addition  of  oil  to  the  DBT 
spray  appeared  to  increase  the  efficiency  of  the  treatment  (Plot  U)« 

Two  nicotine  sprays  compounded  at  the  Eastern  Begional  lesearch 
Laboratory  will  be  of  interest  to  workers  who  also  tested  these  materials 
(Plots  5  and  6). 


Codling  Moth  Control  with  Sprays,  19^1^ 


Plot 

Materials  l/ 

OoT«r 
sprays 

Stings 
on 

100  Apples 

Worn  holes 

is 

100  apples 

1 

Lead  arsenate  3 

15 

5 

2 

DDT  O.S  lb. 

5 

11 

5 

3 

DDT  O.g  lb. 

3 

29 

^1 

k 

DDT  O.S  lb. 

DDT  O.S  lb.  +  oil  1  qt. 

2) 

3) 

9 

3 

5 

Lead  arsenate  3 
Nicotine-copper- fatty 
acid  2/ 

2) 
3) 

3^ 

33 

6 

Lead  arsenate  3 

Cuprous  nicotine  cyanide  2/ 

2) 
3) 

29 

3^ 

7 

Checks 

0 

22 

137 

1/    Amounts  mentioned  were  used  in  100  gallons  of  water. 

2/    Sample  No.  271  tested  for  Eastern  Regional  Research 
Laboratory,  containing  S,l  percent  nicotine. 

3/    Sample  No.  272  tested  for  Eastern  Regional  Resegirch 
Laboratory,  containing  13«9  percent  nicotine. 


Judging  from  the  results  of  one  year's  orchard  tests  it  appears 
that  DDT  may  prove  a  good  substitute  for  lead  Eirsenate  under  western 
New  York  conditions.    Used  at  the  rate  of  O.S  of  a  pound  in  100  gallons 
control  equal  to  that  with  3  pounds  of  lead  arsenate  could  be  expected. 
Larger  amounts  may  prove  more  effective  than  the  arsenical,    Although  red 
mite  has  been  reported  as  a  serious  pest  in  some  psprts  of  the  coimtry 
following  the  use  of  DDT,  it  has  not  been  of  major  consideration  in 
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western  New  York  apple  orchardB  in  the  past  and  results  of  one  season's 
tests  did  not  show  any  abnormal  build-up  following  a  DDT  program.  There 
was  no  apparent  injury  either  to  the  trees  or  fruit  following  applica- 
tions of  DDT  although  a  distinct  bronzing  was  noticeable  on  the  foliage 
late  in  the  feuLl.    There  was  little  or  no  visible  residue  at  harvest 
following  five  cover  sprays  and  the  cost  at  present  is  little  more  than 
that  of  lead  arsenate.    Undoubtedly  DDT  will  never  be  used  extensively 
on  fruit  until  after  a  tolerance  has  been  established.    However,  con- 
trary to  some  of  the  early  opinions,  DDT  residue  appears  to  either 
weather  off  or  possibly  break  do%m  into  a  less  toxic  form  following 
application.    This  thought  is  prompted  by  reason  of  the  experience  that 
DDT  residue  was  apparently  non-toxic  to  the  codling  moth  and  apple  aphids 
following  the  lapse  of  a  few  weeks  after  application. 

III.      Control  with  dusts. 

The  second  year's  tests  with  dust  for  combatting  the  codling 
moth  were  fully  as  promising  as  those  reported  a  year  ago  on  Page  Uo, 
Part  I  of  this  report  for  19^3. 


Codling  Moth  Control  with  Dust,  I9M1 


Plot 

Materials 

Applica- 
tions 

Stings 
on 

100  apples 

Worm  holes 
in 

100  apples 

1 

Spray  -  lead  arsenate  3 

5 

5 

3 

2 

Dust  -  sulfur-lead  arsenate- 
B.  L.  155-oil  58-20-20-2 

7 

k 

6 

3 

Dast  -  sulfur-lead  arsenate- 
B.  L.  155-oil  68-20-10-2 

7 

k 

6 

k 

Dust  -  sulfur-lead  arsenate- 
68-30-2 

oil 

7 

k 

6 

5 

Checks,  untreated 

0 

17 

99 

Duets  were  applied  in  the  evening  taking  advantage  of  quiet  emd 
damp  air,  using  2  to  3  pounds  per  tree  at  each  application  with  a  Bean 
orchard  duster.  Under  these  conditions  the  dust  deposit  was  nearly  as 
noticeable  as  that  of  spray.  Residue  emalyses  at  harvest  showed  the 
deposit  to  be  in  excess  of  -the  tolereince  and  very  nearly  equal  to  that 
on  the  sprayed  fruit.  There  were  from  20  to  25  trees  in  each  dust  plot 
and  the  yield  was  from  10  to  15  bushels  per  tree. 
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Largely  'because  of  the  present  lator  shortage  there  has  been 
increasing  interest  in  the  use  of  dust  on  tree  fruits  and  during  the 
past  season  a  nujDher  of  fine  apple  crops  were  produced  with  dust 
schedules  in  western  New  York  orchards. 


OHIO 

C.  £.  Outright.  Ohio  Agricultiiral  Escperiment  Station,  Wooster. 

I.         Seasonsd  conditions  and  codling  moth  abundance. 

Following  a  cold  April,  the  temperatures  of  all  other  months 
of  the  growing  season  were  above  normals    May  was  almost  6^  and  June 
3^  above  normal.    The  codling  moth  thus  got  off  to  a  flying  start  and 
in  many  Ohio  orchards  %rais  never  stopped.    Despite  a  large  crop.  Ohio 
had  its  worst  codling  moth  season  since  193^* 


Summary  of  Codling  Moth  Biology 


Wooster 
(N.  S.  Central) 

Lorain 
(Northern) 

Spring-brood  llmergence 

First  moth 
Last  moth 

May  15 
May  22 
June  11 

Summer-brood  Ikaergence 

May  22 
June  1 
June  26 

First  moth 
Last  moth 

July  5 
July  20 
September  1 

First-brood  Larvae  under  Bands 

July  17 
August  2 
August  25 

First  larvae 
Peak 

June  IS 
July  5 

July  2 
July  17 
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II.  studies  on  codling  moth  "behaTlor. 

In  the  autium  of  19^3  larvae  were  collected  at  different  points 
in  Ohio  and  'broiight  to  Wooster  where  the7  were  placed  in  standard 
emergence  cages  to  coBipare  their  emergence  time  and  rate  with  that  of 
Wooster  larvae.    At  the  end  of  first-brood  emergence  the  data  showed 
that  in  all  cages,  emergence  started  on  the  same  date,  the  ^0^  emergence 
date  was  the  same,  and  that  the  last  moths  appeared  at  the  same  time. 

III.  (a)    Tield  control  experiments  were  conducted  at  Vaterville,  in 
northwestern  Ohio,  and  at  Lorain  in  northern  Ohio.    At  both 
places  3O'  to  UO-year-old  Jonathan  trees  were  used,  each  treat- 
ment or  schedule  appeared  on  single  tree  plots  replicated  3 
times.    Minor  experiments  were  Conducted  at  Wooster. 

(b)  All  experimental  trees  produced  heavy  crops  of  fruit.  . 

(c)  The  use  of  ein  experimental  ealeiua  arsenate  produced 
rather  severe  foliage  injury.    Foliage  was  fair  to  good  on  all 
other  plots.    Numerous  orchards  in  Ottawa  County  used  schedules 
of  lead  aursenate  €tnd  wettable  sulfur <  without  lime.    The  results 
were  generally  good. 

DH-111  or  7ermate  used  with  lead  arsenate  also  produced  good 
foliage. 

Summer  oil,  I/2  gallon,  plus  S.  L.  133,  2  pounds  per  100  gallons, 
in  7  cover  sprays  dulled  the  finish  of  the  fTtdt  to  a  marked 
degree.    Truit  produced  with  a  tank-mix  Mississippi  Bentonite- 
oil-B.  L.  kO  8ched\ile  was  much  better. 

A.    Control  ty  insecticides. 

Twenty-two  different  spray  schedules  were  tested  at  Waterville 

He suits  from  8  representative  treatments  are  given  in  the 
following  table. 
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Waterville  Data 


No. 

Schedule 

Fruit 
Wormy 

Fruit 
stung 

Crop  injured 
by 

Codling  Moth 

1 

Lead  arsenate,  3  1^* 
calyx  and  8  covers 

73 

% 
S3 

2 

Lead-oil,  as  above,  with  oil  in 
3  first-hrood  covers 

3^ 

66 

78 

Lead-oil-B.  L.  155«    OH  io  3  covers, 
B.  L.  155  in  2. 

31 

6k 

7^ 

k 

B.  L.  155,  2  lb.,  oil,  1/2  gal. 
7  covers. 

21 

35 

 ^2  

5 

B.  L.  155~oil,  as  above,  plus  Permate 

ik 

30 

ko 

6 

Lead  arsenate,  as  in  1,  plus  DN-111, 
in  7  covers 

50 

92 

7 

PDT,  1  lb.,  in  8  covers 

2 

8 

8 

DST,  1  lb.,  in  5  covers,  alternate 
ai>T>lication8 

21 

2U 

ko 

Results  with  lead  arsenate  alone  or  with  BN-IU  were  very  unsatis- 
factor7«    Vhen  oil  was  added,  and  especially  vhen  oil  and  B.  L.  155 
combined  with  lead,  better  results  were  secured,  but  they  were  still  far 
from  good. 


Black  Leaf  155  vith  oil  or  with  oil-Fermate  gave  fair  restdts  but, 
as  already  noted,  the  finish  of  the  fruit  was  dulled. 

DDT  was  outstanding  in  codling  moth  control  and  will  be  furiiher 
discussed. 

Nine  different  schedules  were  used  at  Lorain,  Ohio,  and  data 
from  six  plots  follow: 


Lorain  Data 


Ho. 

Schedule 

Fruit 
Wonny 

Fruit 
Stung 

Crop  injured 
by 

Codling  Moth 

6 

Lead  arsenate,  3  lb.,  calyx  &  7  covers  ik 

33 

1 

Lead  arsenate,  as  in  6,  oil  in 
3  covers 

8 

16 

21 

Lead  arsenate-oil-B.L.  I55.    Oil  in  3 
first-brood  covers,  B.L.  155  in  2. 

6 

12 

16 

B.L.  155,  2  lb.  oil.  1/2  «al. 

11 

16 

5 

Tank-fflix-Miss.  Bent.-oil-B.L.  kO 

8 

13 

9 Flat- type  lead  arsenate,  as  in  6 8        17 22 


-  70  - 


Many  of  the  differences  In  the  foregoing  table  are  not  significant. 
Oood  control,  without  injury  to  fruit  or  foliage,  was  secured  by 
severed  schedules.    Note  especially  flat-type  lead. 


Experiments  with  DDT. 


All  DDT  used  on  apple  %ra8  f\u'nlshed  by  the  Du  Pont  Comx>any. 

It  was  a  water  disperelble  formulation  of  2^^  DDT.    It  went  Into 

suspension  readily  and  If  added  to  the  tank  yihen  nearly  ftill  of 
water  did  not  foam  und\ily. 

It  was  used  alone,  except  In  3  of  the  cover  sprays  when  flo- 
tation sulfur  paste  was  combined  with  It  as  the  fungicide. 

There  w^s  no  direct  Injury  to  the  foliage  or  fruit.    In  fact, 
the  finish  of  fruit  was  probably  the  best  of  any  of  the  22  schedules. 

No  data  %ras  secured  as  to  its  effects  on  parasites.    In  an  ex- 
periment at  Wooster,  green  lace  wings  were  not  noted  on  DDT-sprayed 
trees. 


In  the  experiment  at  Watervllle,  DDT  plots  carried  a  heavier 
Xuropean  red  mite  population  than  did  any  other  plots.  The 
foliage  was  injured  but  not  to  the  point  where  it  affected  fruit 
finish  or  condition.    At  Wooster,  however,  very  heavy  mite  popula- 
tions developed  on  DDT-sprayed  trees  and  lnj\iry  was  very  severe. 
No  other  pests  or  Insects  became  abundant  on  the  DDT  plots. 

B.  Xxperlments  with  different  DN  compotuids  sprayed  on  the  trunks 
and  scaffold  branches  of  trees  during  the  late  dormant  period 
reduced  the  emergence  of  moths  approximately  50  percent. 

IV.       In  I9UU  several  growers  had  difficulty  In  obtaining  nicotine  for 
orchard  use.    There  were  a  few  local  shortages  of  lead  arsenate  but, 
generally,  the  stemdard  Insecticides  were  sufficient  to  meet  most  needs. 
Slow  delivery  of  spray  machinery  parts  caused  some  trouble. 


OKLAHOMA 

]*.  S.  Whitehead,  Oklahoma  Agricultural  Experiment  Station, 
Stillwater. 

The  injury  from  codling  moths  In  Okleihoma  was  less  severe  in  I9UU 
than  In  19^3*         is  thought  that  in  a  large  measure  this  was  due  to  (a) 
an  unusually  late  emergence  from  hibernation  and  (b)  an  extremely  small 
fourth  brood. 
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The  first  moths  from  larrae  kept  in  pxtpatlon  sticks  in  the  in- 
sectarj  appeared  i^ril  2S,  which  is  the  latest  appearance  made  in  l4 
years  of  such  observations  and  the  flrpt  moth  taken  in  traps  in  the 
orchard  was  taken  May  1.    It  seems  pro'bable  that  the  late  emergence 
and  some  -anusually  cool  veather  the  latter  part  of  August  and  early 
September  prevented  the  appearance  of  the  fourth  brood  of  moths. 

Codling  moth  trap  records  for  the  summer  of  19^2  and  the  entire 
season  of  19^3-^^*  indicate  that  under  Oklahoma  conditions  traps  are 
very  good  indicators  of  moth  activity  during  the  emergence  of  the 
hibernating  generation  but  almost  without  value  for  the  later  genera- 
tions.   In  each  of  the  past  three  summers  very  small  catches  were  made 
at  any  time  after  the  first  brood  of  moths  disappeared  and  there  was 
little  if  any; correlation  between  the  numbers  of  moths  reared  from  worms 
taken  under  bc^ds  and  the  numbers  trapped  in  the  orchard. 

The  data  collected  in  Oklahoma  indicate  that  a  smaller  percentage 
of  the  first  generation  of  codling  moths  hibernate  under  Oklahoma  con- 
ditions than  have  been  reported  for  other  localities  even  at  the  same 
latitude.    An  exceedingly  small  percentage  of  the  worms  emerging  pre- 
viously to  July  1^,  enter  hibernation,  but  starting  during  the  latter 
part  of  July  hibernating  forms  begin  regularly  appearing.    The  per- 
centage hibernating  slowly  increases  until  the  middle  of  August  and  then 
climbs  rapidly  \intll  September  1,  after  which  time  nearly  100  percent  of 
all  maturing  larvae  hibernate. 


OBIOOH 

Leroy  Childs  and  B.  H.  Robinson,  Hood  River  Branch  Xxperiment 
Station,  Hood  River,  and  Oregon  Agricultural  Xxperiment  Station, 
Corvallis. 

Replicated  Tests; 

Spraying  tests  were  continued  at  the  Hood  River  Station  in  19^* 
the  results  from  which,  together  %rith  materials  used  are  summarited  in 
Table  I.    Experiments  S-1  to  S»U  Inclusive,  were  replicated  three  times; 
the  balance  were  single  plot  tests.    The  combination  of  Phenothiaslne 
1/2  pound  used  with  2  pounds  lead  eqrsenate  and  soybean  flour  I/3  pound 
to  100  gallons  of  water  and  kryocide  used  in  the  same  maimer,  have  re- 
sulted in  better  control  of  codling  moth  during  the  y-je&x    test  than 
where  lead  arsenate  3-100  plus  Tluxit  was  employed.    Differences  in 
control  were  less  in  19^  than  earlier,  probably  due  to  the  fact  regular 
"grind"  Phenothiaslne  was  used  in  the  last  three  covers,  whereas,  all 
previous  applications  were  made  with  the  micronised  material.    The  change 
made  in  the  19^  program,  was  madie  necessary  due  to  the  fact  that  mlcro- 
nlzed  Fhenothiaelne  was  unavailable.    Ihiring  the  past  two  years,  somewhat 
better  control  has  resulted  ^ere  oil  was  used  as  cm  ovicide  as  compared 
to  the  regular  program  of  lead  and  Huxit.    Previously  little  differences 
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usually  occurred.    It  is  "believed  the  improvement  resulted  from  an 
attempt  to  spray  the  xmder  leaf  surfaces  where  we  have  found  the  75  per- 
cent of  the  codling  moth  eggs  are  deposited  on  the  lower  leaf  siirfac^s 
of  the  Newtown  apple,  the  variety  used  in  these  tests. 


Table  I.    Summary  of  Codling  Moth  Tests,  I9W1 

Exp.  '  1st  Brood  Condition  at  Harvest  19^3  19^2 
No.  Materials  used  l/  gf  Inj\iry  Wormy  Stung  Clean  Clean  Clean 
 56  %  ^  56  %  T" 

Phenothiazine  I/2  lb. -100 
S-1    Lead  arsenate  2-100  plus  k,S  2.6       11. 7     S6.6     gg.U  9O.5 

Soybean  flour  1/3  Ih.-lOO  

Phenothiazine  1/2  lb. -100 
S-2    Kryocide  2-100  plus  Soybean       U.2  2.8       11.7     86.0  88.8 

1/3  -  100  

Lead  arsenate  "^100  Plux. 

1st  Cov. ,  Lead  arsenate  3-100 
S-3    +  3/U^  Shell  light  2nd  and         3.I  2.0       11. 9     86.6  86.1+ 

3rd  Cov. ,  Lead  arsenate  3-100 

^^  1/2^  Shell  light  Uth  &  5th.  

Lead  arsenate  3-100  plus  l/U      7^  ll+,8      83.5      81.0  85.0 

-  100  iluxit;  all  sprays  . 

Lead  arsenate  2-100  plus 
S-5   Soybean  flour  1/3  -  100,  all      8.0  U.9       16.9  80.6 

sprays.  ]J 


1/    Lead  Arsenate,  3-100  plus  l/^lOO  Pluxit  used  in  Calyx  spray  in 
all  tests. 

2/    Spray  dates:    Calyx  5/l2;  covers  Ist,  6/3;  2nd,  6/22;  3rd  7/6; 
Uth  8/13;  5th  9/8. 

j/    One  plot  only. 

kj    Worms  and  stings. 

DDT.    Single  plots  of  three  trees  each  were  sprayed  in  variotis 
ways  with  DDT  during  I9I+U.    Table  II  summarized  the  program  used  and  the 
results  obtained  in  codling  moth  control  that  followed.    The  material 
used  in  Experiments  1  to  3  inclusive,  was  obtained  from  DuPont  and  con- 
sisted of  25  percent  dichloro  diphenyl  trichloroe thane  and  inerts  75 
percent.    The  trees  in  Experiment  k  were  sprayed  with  a  laboratory  pre- 
pared mixture  containing  20  percent  DDT  in  Pyrophyllite  containing  a 
wetting  agent,  Eriopon  N.    The  results  obtained  in  the  DDT  plots  were 
compared  with  a  lead  program  in  which  oil  was  used  in  some  of  the 
applications  and  a  straight  lead  program  to  which  Pluxit  spreader  was 
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added.    In  these  tests  all  parts  of  the  trees  were  thorotighly  covered, 
trunks,  'branches,  lower  leaf  surfaces  etc.,  as  we  were  interested  in 
the  control  of  other  pests,  particnlarly  the  woolly  aphis  and  effects 
on  its  predacious  and  parasitic  enemies.    Approximately  30  gallons  per 
tree  per  application,  were  used.    Codling  moth  control  o'btained  with 
DDT  phenominal.    Not  a  single  wormy  apple  was  seen  on  the  trees  in 
Experiment  1,  2  cmd  3  sll  season.    The  final  count  indicated  the  same. 
The  results  obtained  in  Experiment  2  are  of  particular  interest  as  no 
spray  was  applied  after  the  third  cover.    Visible  spray  persists  until 
harvest,  particularly  on  the  foliage. 

Wiile  checking  for  first  brood  control,  numerous  hatched  eggs 
were  found  in  the  DDT  plots  as  well  as  where  the  regular  program  was 
effiployed.    These  observations  indicate  that  DDT  does  not  materially 
affect  moth  activity  and  furthermore  the  material  does  not  prevent 
hatching.    The  spray  stops  the  young  worms  before  they  can  feed  upon 
the  fruit  to  any  noticeable  extent  as  stings  were  likewise  of  little 
importance  in  the  DDT  tests.    The  few  that  were  found  were,  for  the 
most  part,  very  shallow  and  often  hardly  noticeable. 


Table  II.    Codling  Moth  Control  -  DDT  -  Tests,  19^^+ 


1st  Brood 

Condition  at  Harvest 

Exp. 
No. 

Materials  Used  l/ 

Injury  per 
100  Apples 

Wormy 
Apples 

Stung 
Apples 

Clean 
Apples 

D-1 

1st  cover  1  lb,  -  100  DDT  2/ 
2nd,  3rd,  kth,  5th,  l/2  lb.  - 
100  DDT  kj 

.1 

.0 

.57 

% 

99.^ 

D-2 

1st.  cover  2  lb.  -  100  DDT 

2nd  and  3  covers  1  lb.  -  100  DDT 

No  further  sprays  applied. 

.0 

.0 

,k 

99.6 

3>-3 

Same  as  D.1  plus  1  q.t.  -  100 
Shell  light  emulsive  oil. 

.5 

.0 

1.05 

9^.9 

D-H 

1st  cover  Lead  ars.  3-100  plus 
l/k  -  100  riux.  2nd.  3rd.  kth, 
5th,  2/5  lb. -100  DDT  plus  . 
Colloidal  77.  1/3  lb. -100  2/ 

2.6 

.3^ 

2.2 

97.7 

D-.5 

1st  &  5th  covers  Lead  ars.  3-100 
Flux.  1/^-100 ;  2nd  &  3rd  Lead  ars. 
3-100  plus  Shell  light  1^;  kth 
same  with  l/2^  oil. 

.  7.9 

2.1 

13.0 

S5.9 

D-6 

Calyx  and  5  covers  Lead  ars.  3-100^ 
plus  Fluxit  l/U  -  100.  10.5 

2.3 

19.5 

79.6 

1/    Calyx  spray  in  all  tests  3-100  lead  arsenate,  plus  l/^-lOO  iluxit. 
2/    Dilution  in  all  tests  is  actual  DDT. 
2J    20  percent  DDT, 

kf    Spray  .dates;  Calyx  5/10;  Ist  cover  6/5;  2nd  6/20;  3rd  7/6;  i+th  g/l3; 
5th  9/7. 


Ho  Injurjr  to  fruit  or  folla^o  occurred  in  the  DDT  plots.  Leasee 
I>er8i8ted  late  into  the  fall  in  a  oaxmer  similar  to  that  found  in  the 
regular  spray  program. 

Other  factors:    Ohserrations  were  nade  on  other  insects  affecting 
apples  in  this  district*    Two  species  of  leafhopper,  Inpoa  rosae  and 
IjBpoasea  unioolor»  were  coaipletely  eliminated*    On  the  other  hand,  the 
W00II7  apple  aphis  ^uilt  vcp  to  Tory  serious  proportions,    llthou^^  no 
mortality  studies  were  made,  it  is  i^parent  DDT  exerts  little  or  no  con- 
trol of  this  pest.    Build-i^  of  woolly  aphis  population  res-olts  from  the 
elimination  of  soTeral  predators  and  the  parasite  iphelinus  mali»  !Qie 
predators  include  at  least  two  species  of  syrphid  flies  -  lace  wings  and 
one  or  more  species  of  lady  beetles.    ▲  biological  upset  in  the  apple 
orchards  of  the  mid-Columbia  area  of  this  character,  would  constitute  a 
serious  problem  as  the  woolly  aphis  is  associated  with  the  spread  of  a 
fungus  disease  Oleosporium  perennans  idiich  gave  promise  of  eliminating 
apple  orchards  of  this  area.    The  introduction  of  Iphelinus  in  so 
reduced  and  controlled  the  woolly  aphis  canker  that  it  has  been  of 
minor  importance  since  that  time.    Because  of  this  situation  alone,  the 
use  of  DDT  appears  questionable  as  an  apple  spray.    INirther  investiga- 
tion may  permit  modification  of  this  point  of  ^ew.    Table  III  roughly 
expresses  the  differences  in  aphis  population  noted  in  the  various  tests* 

Mites:    The  two-spotted  or  Willamette  mite,  often  causing  notice- 
able injury  in  this  area  on  both  apples  and  pears,  failed  to  cause  serious 
injury  in  the  plots  during  19U4.    In  the  DDT  plots  noticeable  population 
increase  occurred  in  September  which  resulted  in  some  leaf  yellowing, 
particularly  on  the  lower  inside  leaves*    Had  mite  activity  stairted 
earlier  in  the  season,  doubtless  serious  damage  would  have  occurred 
where  DDT  was  employed. 


THB  HBMOYAL  Of  DDT  SPBJ^  BlSIDDg  IROM  APPLBS  AMD  PEARS. 

Chemical  laboratory  escperimental  washing  tests  were  carried  on 
using  Newtown  apples  that  had  received  three  cover  sprays  of  DDT  and 
carried  .21  grain  per  pound.    Various  chemicals  and  mixtures  of  chemicals 
were  used  including  light  oils  and  oil  emulsions  in  different  concentra- 
tions in  water.    The  fruit  was  wavhed  for  either  a  period  of  one  minute 
or  three  minutes  at  temperatures  ranging  between  80<>  ?•  and  10$<>  T.  from 
the  laboratory  results  obtained  thus  far,  no  solvent,  or  mixture  of  solvents 
has  removed  the  DDT  below  .036  grain  per  pound.    The  fact  that  water  con- 
taining one  of  the  wetting  agents  was  as  effective  in  taking  off  the 
residue  as  any  of  the  other  solvent  mixtures  tested  indicates  that  the 
latter  has  no  dissolving  acLtion  on  the  DDT  but  rather  only  a  detergent 
effect* 

In  commercial  washing  tests,  Hewtown  apples  taken  from  the  ex- 
perimental plots  at  Hood  River  at  harvest  time  were  washed  in  both  a 
Cutler  and  an  Ideal  machine.    The  table  indicates  the  conditions  of  the 
washing  treatment  and  the  results  obtained* 
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Table  III.  Effects  of  DDT  on  Woolly  Aphis' 
Population    on  Sucker  Growth  -  Newtown -Apple. 


:                Interspaces  (1) 

Exp. 
No.  ' 

Material  Used. 

:  Total 
.Examin  - 
edo 

With 
Aphis 

:  % 
.  with 
.  aphis 

D-1  - 

1st  cover  1  -  100  DDT  (2) 
^  2nd,  3rd,  4th,  5th,  1/2-100  DDT 

1531 

1283 

84.0  : 

Very 
abundant 

D-2  ; 

1st  cover  2  lbs.  -  100  DDT 
2nd  and  3rd,  1  -  100  DET 
No  further  sprays  applied. 

.  1195 

788 

:  66.0 

Abundant 

D-3  : 

Same  as  D-1  plus  1  qt.  -  100 
Shell  light  emulsive  oil 

^527  ! 

i 

1220 

80.0  ■ 

Very 
Abundant 

D-4  : 

1st  cover  Ars.  L.  3-100  Flux.  -J-lOO; 
2nd,  3rd,  4th,  5th,  2/5  lb.  -  100  DDT 
plus  Colloidal  77,  1/3-100. 

1438 

597 

48.5 

D-6  ; 

Calyx  and  5  covers,    Arsenate  of  Lead 
3-100  plus  Fluxit    i  -  100 

.  1828 

'  89 

4.9 

Usually 
:  an  occas- 
ional 
aphis. 

(1)    Unit  used  for  determining  infestation  was  the  space  between  leaves 
on  sucker  growth.    This  method  does  not  adequately  express  total 
population  as  on  many  shoots  sprayed  with  DDT  were  covered  three 
or  four  deep  with  aphids,  whereas,  on  the  regularly  sprayed  trees, 
only  an  occasional  aphid  was  found. 


(2)    Actual  DDT. 
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Although  the  laboratory  experimental  washing  tests  showed  no 
solvent  that  was  outstandingly  effective  for  the  removal  of  DDT 
residue,  yet  washing  tests  were  carried  on  at  harvest  time  using 
Newtown  apples  that  had  heen  harvested  the  previous  day.    As  indicated 
in  the  Table,  1.5  percent  hydrochloric  acid  was  already  in  a  Cutler 
and  an  Ideal  machine.    The  temperature  was  then  adjusted  to  75°  ^» 
the  fruit  put  through  the  washer.    The  hydrochloric  acid  was  used  only 
because  it  was  already  in  the  machine  and  it  was  not  expected  that  it 
would  have  any  solvent  effect.    In  like  manner  the  temperature  was 
raised  to  100*^  P.  and  fnxit  put  throxigh  the  wash.    Also  Vatsol  was 
added  to  both  machines  until  the  acid  solution  foamed  excessively 
without,  however,  lifting  out  of  the  machine.    Again  in  euiother  machine, 
carotene,  one  gallon  to  the  100,  was  added  to  the  hydrochloric  acid  and 
fruit  put  through  the  washer.    From  the  res\ilts  it  is  apparent  that 
there  was  a  mechanical  removal  of  the  residue  where  acid  alone  was  used 
and  a  slight  detergent  effect  where  Vatsol  was  used.    It  is  questionable 
whether  the  kerosene  removed  any  of  the  DDT  much  more  effectively  than 
did  the  acid  solution  alone  since  the  results  could  be  within  experi- 
mental error  of  the  selection  of  the  samples  for  washing.  Examination 
of  the  apples  indicated  that  perhaps  the  kerosene  may  have  dissolved  a 
certain  amount  of  the  residue  and  then  redistributed  it  as  a  thin  film 
in  the  oily  phase  left  on  the  apple  after  leaving  the  machine. 

Pears  from  the  Southern  Oregon  Branch  Experiment  Station  were 
also  washed  commercially  in  order  to  learn  to  what  extent  the  residue 
of  DDT  could  be  removed.    The  Bartlett  pears  were  sprayed  experimentally 
by  Mr.  Oentner,  entomologist  of  the  Branch  Experiment  Station,  and  put 
through  a  Bean  fruit  washer  with  the  acid  testing  about  1,5  percent  at 
prevailing  water  temperature  of  the  machine  which  was  about  70° 
Duplicate  samples  of  these  pears  were  put  in  storage  and  at  the  time 
the  apple  washing  tests  were  carried  on  at  Hood  River,  the  pears  were 
put  through  the  Cutler  and  Ideal  machines  under  the  condition  indicated 
in  the  table.    The  results  with  the  three  different  commercial  washing 
machines,  indicate  that  there  was  practically  no  removal  whatsoever  of 
residue  from  the  fruit.    Where  the  analyses  indicated  .O32  grain  DDT 
per  pound  before  washing,  the  pears  had  been  sprayed  in  the  last  three 
cover  sprays  with  .U  pound  DDT  containing  a  little  wetting  agent.  Where 
the  analysis  indicates  .0^2  grain  DDT  per  pound,  the  pears  had  been 
sprayed  in  the  last  three  cover  sprays  with  .6  pound  of  DDT  to  the  100 
gallons  containing  a  little  wetting  agent.     The  results  show  that  within 
experimental  error  practically  none  of  the  DDT  had  been  removed  by  any 
of  the  washing  treatments.    ExaminatioQ  of  the  pears  at  the  time  of 
washing  showed  that  the  small  visible  residue  blended  into  the  waxy 
surface  of  the  fruit  and  rubbing  with  ^e  fingers  did  not  remove  it. 

Concluding  from  both  the  laboratory  and  commercial  washing  tests, 
it  is  evident  that  cleaning  fruit  of  DDT  will  be  difficult  unless  a  very 
high  tolerance  is  established  for  the  insecticide. 
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WASHING  TESTS  lOR  SIMOVAL  OF  DDT  mOU  NIWTOWH  AFFLSS 


  DDT  

Washer  Treatment  Before  Wash.    After  Wash. 


gr./lb. 

gr./lb, 

Cutler 

HCl 

1,^7>  at  75  ^« 

.061  If 

.04b 

Ideal 

HCl 

1.5^  at  75°  P. 

.061 

.01+5 

•  ✓ 

Cutler 

HCl 

l.S^^  at  100°  P. 

.061 

Ideal 

HCl 

1.5^  at  100°  P. 

.Obi 

.037 

Cutler 

HCl 

1.5^  +  Vatsol  to  excess  foam. 

lOQOp. 

.061 

.031+ 

100"P. 

.Obi 

Cutler 

HCl 

1.5^  +  kerosene  1^  100°  P. 

.061 

.Oi+7 

icieai 

x.yT'  ~  Kerosene  x/*,  xuu  *» 

.Obi 

ntio 
•  Upt: 

Cutler 

HCl 

1.5^  +  kerosene  1^,  lOO^  P. 

.059  2/ 

.057 

Ideal 

HCl 

1.5^  +  kerosene  1%,  100°  P. 

.059 

.0^+1 

PILARS  ' 

Bean 

HCl 

1.5^  at  70°  P. 

.032 

.029 

Cutler 

HCl 

1,5^  +  Vatsol  to  excess  foam. 

lOOOP. 

.032 

.028 

Bean 

HCl 

1.5^  at  70°  P. 

.OU2 

.046 

Cutler 

HCl 

l.R^  +  Vatsol  to  excess  foam, 

lOOop. 

.Oi+2 

.037 

Cutler 

HCl 

1,5^  +  Vatsol  to  excess  foam 

.032 

.031 

Ideal 

HCl 

1.5^  +  Vatsol  to  excess  foam 

.0U2 

.0^0 

1/    Pive  cover  sprays  DDT  ,5  lb.  to  100  gallons. 

2/.    Pive  cover  sprays  DDT  (,5  lb.  in  1  qt.  oil)  to  100  gallons. 


SFSAT  DEPOSITS  OP  DDT,  i^SMIC,  PEBHOTHIAZIKE,  AND  PLUOKINS  ON 
NEWTOW  APPLES  PROM  THE  HOOD  RIVER  STATION  EXPERIMENTAL  PLOTS 

Chemical  analyses  were  made  for  the  amount  of  spray  deposits  on 
Newtown  apples  from  the  Hood  River  Station  experimental  plots.    A  repre- 
sentative sample  from  each  plot  was  collected  before  and  after  the  third 
and  fifth  cover  sprays  and  at  harvest  time.    The  resTilts,  together  with 
a  description  of  the  sprays  used,  are  given  in  the  table.    The  chemical 
method  used  for  the  analysis  was  a  modification  of  the  Winter  method  for 
the  determination  of  chlorlxs  in  organic  compounds.    The  modification 
adapted  the  method  for  the  determination  of  small  amoimts  of  DDT.  The 
Cunther  method  was  also  used  and  checked  sxifficiently  close  to  the  other 
method. 
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The  results  show  that  the  amotints  of  DDT  deposited  upon  the 
apples  depended  upon  the  spreader  treatment  used  and  the  quantity  per 
100  gallons  of  spray.    It  is  apparent  that  the  lasting  qualities  of 
DDT  are  similar  to  the  arsenical  and  flviorine  conpounds  in  that  amy 
losses  may  he  attributed  to  increase  in  size  of  apple,  rainfall  or 
other  erosion  agencies.    There  is  no  evidence  of  chemical  decomposition 
from  ezposixre  to  s\uillght  or  to  other  conditions.    This  is  further  con- 
firmed, in  that  no  DDT  spray  was  applied  to  plot  D-2  after  July  6,  yet 
control  was  practically  100  percent.    Since  decomposition  of  DDT  has 
heen  reported  in  other  parts  of  the  country,  It  may  be  that  conditions 
at  Hood  Hirer  may  account  for  the  lasting  effects  of  DDT.    Most  signi- 
ficant among  these  conditions  is  the  very  low  salt  content  of  the  spray 
water  used  in  the  Ycdley  and  the  absence  of  sdkallne  dust  that  fills 
the  air  In  most  fruit-growing  districts.    The  presence  of  iron  and 
other  salts  may  cause  breakdown  of  DDT  and  in  their  reaction  possibly 
cause  plemt  injury.    It  is  not  yet  known  what  chemicals  will  cause  de- 
composition of  the  DDT  «dien  present  in  relatirely  small  amounts. 

Judging  from  the  control  obtained  with  DDT  it  would  seem  that 
a  spreader  that  would  produce  wetting  of  both  fruit  and  leaves  quickly 
and  o-fer  the  entire  surface,  leaving  a  very  thin  film  of  the  DDT,  would 
be  most  effective  and  practicable.    The  various  wetting  agents  will 
suffice  for  this  purpose.    It  is  questionable  whether  depositing  agents 
or  oil  woTild  be  of  any  value. 

Spray  deposits  of  phenothiazine  %rtien  combined  with  either  lead 
arsenate  or  Eryocide  gave  deposits  similar  to  previous  observations 
and  depending  largely  upon  rainfall  that  occurred  in  June  or  prior  to 
harvest.    This  also  applies  to  experimental  plots  where  lead  arsenate 
was  used  with  Tluzlt  and  ^oy  flour  as  spreader. 
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OBEGON  (Continued) 

L.  G.  Gentner,  Southern  Oregon  Branch  Experiment  Station, 
Talent. 

EesultB  of  Codling  Moth  Investigation.  19^^ 

The  spring  of  19^  was  unusually  uniformly  cool,  with  few  days 
favorable  for  bee  flight  during  the  blooming  period.    The  summer  was 
also  generally  cooler,  with  the  month  of  September  quite  warm.  Codling 
moth  development  was  slow  and  irregular,  without  a  definite  division 
between  the  first  and  second  broods.    Fruit  harvest  was  about  three  weeks 
later  than  normal. 

Because  of  other  work,  only  limited  tests  were  carried  on  for 
codling  moth  control.    The  same  orchard  of  commercial  Bartlett  trees 
was  used  as  in  previous  years.    The  trees  are  39  years  old,  smaller  than 
average,  and  not  uniform  in  size.    All  plots  received  a  calyx  and  five 
cover  sprays.    The  calyx  and  first  two  cover  sprays  were  applied  by 
the  grower.    Only  the  last  three  cover  sprays  were  applied  experimentally. 
Dates  of  application  were  as  follows:    3rd  cover,  June  29;  cover, 
July  31;         cover  August  17 .    The  pears  were  harvested  September  7* 

Each  plot  consisted  of  eight  trees — four  random  replicates  of 
two  trees  each.    All  of  the  fruit,  both  from  the  tree  and  on  the 
ground,  from  all  trees  in  each  plot  was  examined  for  worm  injury. 
Sprays  were  applied  with  a  Bean  portable  sprayer  at  a  pressure  of  kOO 
to        pounds  at  the  pump,  using  two  leads  of  hose  and  single  spray 
guns  with  7/Sk  inch  openings  in  the  discs.    About  12  gallons  of  spray 
were  used  per  tree  per  application. 


Plot  Treatments 

Plot  1*  -    2  lb.  Gesarol  AK20  (DDT),  l/U  lb.  Colloidal  77,  1  qt. 
stove  oil  in  3rd,  kth,  and  ^th  covers. 

Plot  2*  -    3  lb,  Gesarol  AK20  (DDT),  1/I+  lb.  Colloidal  77,  1  qt. 
stove  oil  in  3rd,  Uth,  and  5th  covers. 

.  Plot  3*  -    3  lb.  Lead  arsenate,  l/k  lb.  Multi-Film,  1  qt,  stove 
oil  in  3rd,  ^th,  and  5th  covers. 

Plot  k*  -    l/k  lb,  Multi-Film,  3  lb,  lead  arsenate,  1  qt,  stove 
oil  in  3rd,  Uth,  and  5th  covers. 

•All  plots  received  a  calyx  and  first  two  cover  sprays  of  3 
pounds  lead  arsenate  and  I/3  pound  Z-1  deposit  builder,  applied  by  the 
grower. 


-  81  - 

Control  iBi  Conmerclal  Bartlett  Orchard 


Plot  1  -  Three  old  calyx  entries  and  k  old  entries,  a  total  of 
7  wormy  fruits  in  7»119  or  approximately  1  in  1,000. 

Plot  2  -  One  old  calyx  entry,  or  1  worm  in  5i775  fruits. 

Plot  3  -  Four  calyx  entries  and  23  side  entries,  a  total  of  27 
wormy  fruits  in  5.328,  or  1  in  l$k,    (About  1  in  200.) 

Plot  k  -  Six  calyx  entries  and  ^3  side  entries,  a  tot<tl  of  U9  wormy 
fruits  in  5.298,  or  1  in  108.    (About  1  in  100.) 

Neither  the  fruit  nor  the  foliage  was  injured  by  any  of  the 
treatments  used. 

With  &esarol  AK20  the  deposit  was  spotted  with  light  widerlying 
film.    It  appeared  somewhat  like  the  cover  obtained  %dth  strai^t  lead 
arsenate.    With  lead  arsenate  the  type  of  deposit  varied  with  the  order 
of  mixing.    In  plot  k,  %^ere  the  deposit  builder  was  added  to  the  tank 
first,  the  deposit  was  noticeably  lighter  and  consisted  of  a  light  under- 
lying film  with  heavier  spotting.    In  plot  3»  where  the  lead  arsenate  was 
added  to  the  tank  first,  the  deposit  was  noticeably  heavier  and  of  a 
uniform  film  type.    Analysis  of  the  fruit  at  harvest  time  showed  63 
percent  higher  deposit  in  plot  3  than  in  plot  U, 

No  diffie\xlty  was  experienced  in  removing  the  lead  arsenate 
residue  from  the  fruit,  however,  practically  no  DDT  was  removed  in  an 
acid  wash  of  2  percent  strength,  as  is  shown  in  the  table. 

Deposit  and  residue  analyses  were  made  by  B.  H.  Bobinson,  Chemist, 
Oregon  Experiment  Station.  Corvedlie.    At  harvest  time  two  lots  of  15 
pears  each  were  selected  from  each  plot.    One  lot  was  left  unwashed  as  a 
check  and  the  other  was  washed  in  em  unheated  acid  bath  at  2  percent  - 
strength. 


DDT  and  Arsenic  Besidue  on  Pears 

DDT  AS2O3 
Plot  Before    After  Before  After 

No.  As  Deposit    Wash.      Wash.  As  Deposit    Wash.  Wash, 

mic./sq.cm.      grain/ lb » mic./sq.cm.      grain/ lb. 

1  U.7  .032  .029 

2  6.0  .0U2  .046 

3  —  —  —  9.8  .152  .004 
k  —  —  —  6.0         .094  .004 
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Lead  Arsenate.     This  material  must  still  "be  considered  our  most 
practical  insecticide  for  codling  moth  control.    Very  good  control  is 
usually  ottained  when  other  materials  are  added  to  improve  the  deposit 
and  coverage.     In  ex^-re^ie  cases  it  may  be  necessary  to  add  an  ovicide. 
Result&  in  plots  3         ^  indicate  that  tinder  certain  conditions  certain 
lead  arsenates  vdll  put  on  a  snuch  heavier  deposit  when  used  with  a 
deposit  builder,  if  the  lead  a^'senate  is  added  to  the  tank  first. 

One  of  the  outstanding  objections  to  lead  arsenate  is  its  accu- 
mulation in  the  soil.    Fruit  growers  are  becoming  increasingly  appre- 
hensive of  this  harmful  residue.    In  some  of  the  older  orchards  it  is 
becoming  more  and  more  difficxilt  to  grow  a  vetch  cover  crop,  and  on 
land  cleared  of  fruit  trees  crops  may  suffer  for  many  years.    From  this 
standpoint  an-  acceptable  substitute  would  be  very  desirable. 

DDT.    Tests  with  this  material  in  the  form  known  as  Gesarol  AK20 
showed  it  to  be  very  effective  in  codling  moth  control.    It  was  not 
possible  to  obtain  this  material  before  the  third  cover  spray,  but  as 
nearly  as  could  be  determined  there  was  not  a  single  worm  entry  after 
application  cf  this  material.    However,  the  residue  removal  from  the 
fruLt  presents  a  difficult  problem.    Practically  none  of  the  material 
was  removed  in  a  cold,  2  percent  acid  wash.    Apparently  this  material 
has  no  effect  in  controlling  spider  mites.    A  heavy  infestation  of  two- 
spotted  and  Willamette  mites  developed  on  the  Bartlett  trees  with  con- 
siderable foliage  injury  in  evidence  at  the  time  of  application  of  the 
fifth  cover  spray.    The  injury  was  just  as  serious  on  trees  sprayed 
with  DDT  as  on  those  sprayed  with  lead  arsenate.    A  spray  of  3/^  pound 
DN-111  and  I/3  po\and  Z-1  deposit  builder  applied  the  day  after  the  fifth 
cover  spray  completely  controlled  the  mites  and  caused  no  injxiry. 

The  DDT  used  experimentally  was  supplied  by  the  Geigy  Company  as 
Gesarol  AK20.    This  was  in  the  form  of  a  white  powder  containing  20  per- 
cent DDT  in  a  finely  divided  state.    To  form  this  product  the  DDT  was 
milled  in  the  presence  of  a  very  finely  divided,  easily  wettable  inert. 


PSNNSILVANU 

H.  M.  Steinar,  Pennsylvania  Agricultural  Experiment  Station, 
Arendtavilla. 

SBASONAL  DEVSLQPMEMTS 

Cold  wet  weather  in  March  and  April  was  followed  by  a  warm  May  7°!. 
above  average.    The  remainder  of  the  growing  season  was  hot  and  dry. 
Spring  moth  emergence  began  in  cages  at  petal-fall  of  Red  Delicious  May  11, 
reached  a  peak  at  petal-fall  of  Roma  Beauty  on  May  17  and  continued  to 
Jtine  17.    Emergence  continued  in  soate  orchards  until  June  30.    Moths  were 
taken  almost  daily  in  bait  pails  from  May  12  to  October  2  with  peak  catches 
on  May  23*    Hatching  began  on  May  26  and  continued  in  soma  orchards  over  a 
span  of  125  daya.    Several  orchards,  with  many  worms  from  I9U3,  had  20  to 
30  percent  injured  fruits  by  June  5.    A  large  second  brood  was  followed  by 
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a  partial  third  brood  in  many  orchards  on  the  sides  of  low  hills.  tforsQr 
fruits  in  local  sprayed  orchards  averaged  near  20  percent  of  the  crop 
compared  to  approximately  10  percent  in  19^3  sjii.  3  percent  in  i9U2«  In 
many  orchards,  where  codling  moth  was  not  controlled  in  19^3 »  practiccdly 
all  fruits  were  ^tung  in  19^. 


TESTS  WITH  INSSOTICIDBS 

Two  sites  were  used  for  conparisons  of  apray  schedules*    They  were 
located  l/k  miles  apart  at  about  7^  on  gentle  East  and  West  slopes 

of  the  same  hill  range.    Each  had  a  large  carry-over  of  worms  from  the 
previous  year  when  harvested  fruits  had  averaged  near  ^0  percent  wormy  and 
90  percent  stung  after  5  &ncL  7  cover  sprays  had  been  applied  by  the  growers. 
In  these  blocks,  spring  brood  moth  captures  averaged  7^9  said.  399  P®^  double 
quart  trap  in  baited  trees  around  the  Saet  and  West  blocks  respectively. 

The  trees  were  20  to^  feet  hi^.    They  set  light  crops  of  about 
1/3  less  fruits  than  in  19^3*    ^®  numbers  of  June  drops  averaged  loss 
than  10  percent  of  the  fruits. 

The  East  block  measured  8  by  12  rows  and  the  West  block  2  by  1^ 
rows,  each  surrounded  on  k  sides  by  heavily  infested  trees.  Designations 
of  trees  for  treatment  was  delayed  until  after  a  uniform  first  cover  spray 
was  applied.    Trees  of  each  first  brood  treatment  were  numbered  in  such 
manner  that  they  would  average  to  about  equal  prospects  and  to  about  equal 
average  trunk  diameters  12  inches  above  ground. 

Oifferenticd  sprays  against  first  brood  were  applied  in  second 
and  third  covers  only  with  a  long  period  after  third  cover  to  permit 
breakdown  in  protection.    These  sprays  were  applied  to  the  inside  from 
the  ground  and  from  the  tower  to  the  outside  of  trees.    In  the  East 
block,  these  two  covers  were  applied  10  days  apart  and  in  the  West  block, 
13  days  apart.    Eight  trees,  distributed  in  replicates  through  each 
block  were  used  for  first  brood  treatments.    In  the  West  block  k  trees 
of  each  of  3  first  brood  treatments  was  followed  by  a  commercial  nicotine 
schedule  and  k  trees  of  the  same  first  brood  treatments  received  a  USDA 
tank- mixed  nicotine  bentonite  schedule. 

All  drops  were  scored,  usually  at  weekly  intervals,  from  the 
beginning  of  June  drop  to  harvest.    Samples  of  tree  fruits  and  of 
harvested  fruits  were  scored. 


« 
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Hable  1. 

Weather, 

math  emergence  and  bait 

catches  at  iieekly  intervals 

in 

test 

orchards  at  Arendtsville, 

Fa.  1944. 

Week 

Max. 

Mean  °F. 

Rain 

Ibth  (oa]|«) 

Weekly  bait  pail  catches:  ♦ 

Ending: 

F. 

at 

8  xV* 

Inches: 

Emergenoe: 

East  slope: 

West  slope: 

Per  ce3 

feoalei 

May  1 

68 

55 

0.91 

* 

May  8 

87 

i^A 

60 

1.34 

m 

May  15 

88  _ 

67 

traoe 

64 

TA 

lo 

A  T 

47 

May  22 

89 

65 

1.54 

364 

TOT 

1070 

Z9 

May  29 

85 

65 

0.39 

201 

oZ9 

AO  V 

985 

35 

Jime  5 

89 

67 

0.06 

204 

TCT 

7o7 

ooZ 

A  O 

4Z 

June  12 

86 

64 

0.36 

100 

CAT 

o9Z 

^  AO 

198 

TB 
ZS 

June  19 

95 

RA 

70 

0.55 

28 

ool 

1  TA 

176 

CO 

OO 

Jime  26 

89 

69 

1.14 

- 

TA 

78 

At 

July  3 

95 

76 

0.18 

A^ 

91 

59 

AO 

46 

July  10 

97 

75 

4 

33 

27 

68 

July  17 

97 

76 

0.66 

61 

32 

31 

60 

July  24 

A#t 

92 

68 

0.82 

74 

74 

161 

56 

July  31 

Ail 

94 

75 

0.45 

151 

175 

185 

51 

Aug.  7 

99 

77 

0.66 

142 

384 

226 

42 

Aug.  14 

101 

75 

0.07 

34 

285 

49 

47 

Aug.  21 

97 

75 

21 

297 

270 

48 

Aug.  28 

88 

70 

0.48 

8 

91 

110 

41 

Sept.  4 

92 

70 

0.87 

11 

126 

117 

48 

Sep.  11 

86 

61 

trace 

22 

31 

58 

65 

Sep.  18 

81 

67 

2.19 

22 

16 

74 

Sep.  25 

83 

60 

0.58 

13 

8 

90 

Oct.  2 

79 

67 

0.51 

13 

38 

80 

*  Ibuble  quart  traps  of  paired  baits  trere  used,    fhe  traps  were  baited  with  10^ 
No.  13  bronn  sugar  solution  plus  1  cc  nicotine  sulfate  per  quart.    ^  oc.  oil  of 
sassafras  nas  added  to  one  quart  Jar  of  each  double  trap.    The  baits  ivere  changed 
between  broods.    !Qiey  -were  refilled  with  fresh  6%  brown  sugar  solution  whene-ver 
eTaporation  reduced  contents  to  less  l^cm  one  half.    Nicotine  sulfate  was  added 
at  this  tiffle.    Five  double  traps  were  used  on  each  slope.    Of  the  total  9465  moths 
taken  in  10  traps,  5566  wore  taken  in  the  sides  containing  oil  of  sassafras. 
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Ikble  2«    Influenoe  of  2  cover  sprays  on  Tariatlons  in  codling  moth  injury 
by  different  first  brood  sohedulest    East  slope  orchard.  Stayman* 


•Materials  and  rates  per  100  galst    Total  fruits 

per  treet 

Second  ooTer:      Third  co-vert 
5/30/44  6/9/44 


Calcium  arsenate  S  lbs* 
Flake  Zinc  sulfate  1  lb. 
Spray  lime  2  lbs* 

Lead  arsenate       3  lbs. 
Flake  Zinc  sulfate  1  lb« 
Spray  lime  2  lbs* 

Lead  arsenate       3  lbs* 
Nicotine  sulfate     ^  pt. 


Tree  ooxints  of  Total  per  tree 

Injuries  per  100  fruitsi  in  drops  to 
May  30  to     Ifey  26  to       July  25,  1S44: 
June  21:         July  25:  Worn 

Holes:    Stings : 


Fennate 


lb. 


788 


836 


798 


185 


180 


126 


351 


313 


252 


127 


114 


56 


243 


229 


105 


Lead  arsenate 
B.  L.  155 
Fermate 

Lead  arsenate 
Phenothiazlne 

Lead  arsenate 
Fhenothiazine 


3  lbs. 
2  lbs. 
I  lb. 

3  lbs. 
*  lb. 

3  lbs. 
1  lb. 


736 


749 


864 


90 


65 


52 


204 


206 


188 


44  93 


50  84 


37  44 


Lead  arsenate 
Fhenothiazine 

Lead  arsenate 
Fhenothiazine 


3  lbs. 
li  lbs. 

3  lbs. 
2  lbs* 


719 


735 


55 


12 


156 


135 


31 


11 


39 


14 


Lead  arsenate  3  lbs. 
Fhenothiazine  2  lbs. 
DH-111  i  lb. 


846 


Ik 


123 


19 


17 


The  petal-fall  spray  ifas  applied  by  the  groner  May  12.    A  uniform  first  oorer  consisting 
of  lead  arsenate^f  lbs«  Nicotine  sulfate  ^  pt.  ^emate  ^  lb.  per  100  gallons  of  spray 
mis  applied  to  all  trees  on  May  22  before  differential  treatments  began. 
A  4th  cover  was  applied  over  all  treaHajients  from  the  outside  only  on  June  26.  It 
included  lead  arsenate  3  lbs.  copper  sulfate ^  lb.  spray  lime  2  lbs.  Othol  K  3  qts. 
TWo  second  brood  sprays  were  applied  on  July  18  and  August  8  with  the  same  materials 
and  concentrations  used  in  4th  oover. 
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Table  3.    Full  season  comparisons  of  spr&y  sohedules  with  34  days  between 

first  and  second  brood  sprays.    West  Slope.    l?kriety-Red  Delicious. 


*  Materials  and  rates  per  100  gallons;  Ibtal  fruits    Per  Per 

per  tree  J       cent  cent 

Second  Sever  5/29  <^-'-?5?.'  Twpnry; 

Third  Cover    6/^3:      Second  brood  sprays i    (Ave.  4  trees!" 

T/TT:     7/28 »      8/9 1 


Actual  TOT  ^  lb.  (in 

t 

No  second  brood  sprays: 

1032 

16 

81 

272 

73 

DuPont  formulation). 

• 

Second  Br.  Sch.^1- 

1723 

48 

29 

46 

69 

Fermate  ^  lb. 

: 

Second  Br.  Soh.#2- 

893 

54 

27 

40 

43 

Lead  arsenate  3  lbs. 

• 
• 

Phenothiazin*  2  lbs. 

t 

Second  Br.  Sch.#l  - 

1449 

48 

28 

44 

62 

Lead  arsenate  3  lbs. 

t 

Second  Br.  Sch.#2  - 

1783 

59 

25 

85 

38 

6.L.  155  2  lbs. 

t 

Fermate  ^  lb* 

t 

Second  Br.  Sch.#l 

1881 

35 

31 

45 

134. 

Lead  arsenate  3  lbs. 

• 

• 

Second  Br.  Soh.#2 

1634 

46 

27 

89 

86 

Lead  ersenate-niootine  sprays 
as  applied  by  the  groirer  in  7 
covers.  Included  only  to  show 

degree  of  infestation.  1825  6        37  66  489 


Second  Brood  Schedule  No.  1  consisted  of  Black  Leaf  155,  1^  lbs.  Nicotine  sulfate  ^  pt.  Orthol 

E  -  3  qts.  per  100  gallons  of  spray. 

Second  Brood  Schedule  No.  2  consisted  of  Nicotine  sulfate  1  pt.  Mississippi  HIO  Bentonite  8  lbs. 

Orthol  K  -  3  qts.  per  100  gallons  of  spray. 

Two  sprays  of  Orthol  E  2  qts.  and  nicotine  sulfate  ^  pt.  were  applied  against  3rd  brood  to 
all  trees  on  August  21  and  September  5,  1944. 

The  petal  fall  spray  was  applied  May  .11,  1944.    It  contained  Flotation  sulfftr  paste  6  lbs. 

Femate  ^  lb. 

Lead  arsenate  3  lbs. 

Crystal  Urea    6  lbs. 

Die  first  cover  spray  was  applied  May  23,  1944.  It  contained  Flotation  sulfur  paste  6  lbs. 

Femate  ^  lb. 

Lead  arsenate  4  lbs. 

Nicotine  sulfate  3/4  pt* 


Nimber  per^  100  fruits » 
Ttorm  holes:    Stings t 
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TIable  4*    Progressl-ve  att&ok  o&  traee  apmyed  with  natei*iftl8  as  outlined 

in  table  S*    Counts  on  8  trees  per  treatment.    West  Slope,  Red  Qelioious* 


Stuag  and  wonay  fruits t 

Differential  treatments  Aoounulated  mean  per  cent  Injured  fruits  by  detest 

against  first  brood  la  May  29i  June  St  June  12t  Jime  19:  June  26 t  July  5t  July  10:  July 

two  coyer  sprays  and  rates  17: 
per  100  gallons  of  spray: 

TOT  i  lb. 
Femate  ^  lb. 

Lead  arsenate  3  lbs.  0  S  5  8  5  5  12  18 

Fhenothiaxiae  2  lbs. 

Lead  arsenate  8  lbs.  1  1  1  2  6  8  11  15 

BL  155  2  lbs. 

renHite  i  lb. 

Lead  arseaate  8  lbs.  1        10  18  IS  19  24  50  34 

Groner  sprayed  trees:  2        28  84  47  56  67  74  — 


Table  5*    Progressi^  aocuaulatioa  of  vom  holes  in  drop  fruits  and  of  worms  la  baade 
from  differeatial  first  brood  treatments  followed  by  aieotine-oil  sprays 
for  later  broods. 

Same  treatments  and     Ats.  fruits  Aooumulated  total  -worm  holes  per  tree  in  drop 

per  tree  oa 


8  eount  trees 
per  treatment: 

I>CT-Lead  arsenate  1808 

July  10: 
2 

July  31: 
7 

Aug.  21: 
&4 

Sept.  lit 

167 

Harvest: 
Sept.  50. 

259 

Pheaothiaciae-Lead  Ars.  1616 

1 

12 

62 

161 

288 

BL-155-Lead  ars.  1758 

4 

54 

158 

286 

894 

Aeotonolated  total  norms  ia  bands 
A-verage  per  tree: 
1S}T«>Lead  arseaate                                            0  2 

on  the  dates  given  above: 
8               21  27 

Pheaothiasiae-Lead  arsenate 

0 

0 

1 

8 

10 

6L  156«Lead  arsenate 

0 

8 

11 

23 

28  ' 

Uasprayed  trees  in  a  nearby  orchard 
with  a  light  oariy-ofer  of  wdim  to 
1944  equal  to  approzifflately  l/lOHh 
the  number  at  the  experimeatal  site: 

55 

184 

166 

277 

389 

i 
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Spray  Injury  and  correctives:    Some  ca*8enlcal  injury  developed  on  trees 
sprayed  vltb  lead  arsenate  in  the  West  block  in  September.    Yellowing  of 
cluster  bud  Idaves  was  pronoimced  on  all  of  these  trees  izumediately  after 
application  of  the  first  of  the  second  brood  treatments  but  defoliation  be- 
fore October  was  confined  only  to  these  leaves.    Scalding  of  the  skin  of  the 
•  fruit  occurred  on  all  trees  sprayed  iritb  nicotine-oil  in  second  brood  but  the 
injury  amounted  to  lees  than  2  percent  of  the  fruits  and  was  least  severe  on 
trees  that  received  the  USDA  tank-mixed  nicotine  bentonite. 

The  addition  of  DN-111  as  a  safener  against  arsenical  injury  in  pheno- 
lead  arsenate  sprays  in  the  last  block  was  of  doubtfxil  value  as  there  was  no 
visible  injury  from  other  mixtures  for  contparisons  and  the  prevalence  of  a 
%retting  agent  in  the  mixture  may  be  undesirable  in  wet  seasons. 

Three  year  old  peach  were  sprayed  with  pheno-lead  and  other  combina- 
tions to  study  safeners  that  may  be  needed  with  the  mix  in  wet  seasons.  Two 
pounds  of  pheno  added  to  3  pounds  of  lead  arsenate  per  100  gallons  of  spray 
was  as  effective  in  delaying  defoliation  of  peach  as  2  pounds  of  spray  lime 
but  neither  pheno  nor  lime  were  adequate  safeners  on  peach.    A  proprietary 
tlnct  I^elfflo-Z,  greatly  delayed  defoliation  of  peach  when  1  pound  per  100 
gallons  of  spray  was  added  to  a  2-3*3.00  phano-l«ad  mix» 

Red  mites  and  aphidsi    On  trees  that  had  received  oil  at  delayed  dormant 
for  red  mite  and  had  less  than  1  mite  or  mite  egg  per  100  leaves  on  June  1, 
counts  in  mid-July  on  trees  sprayed  with  DDT-lead  arsenate  (West  block)  had 
an  average  of  13  mites  and  23  eggs  per  leaf.    At  the  same  time,  trees  sprtiyed 
with  pheno-lead  had  an  average  of  3  mites  and  2  eggs  per  leaf,  while  trees 
sprayed  with  BL-l^^-lead  and  Fermate  had  an  average  of  ^  mites  and  6  eggs  per 
leaf.    The  mite  population  in  this  and  adjacent  orchards  declined  rapidly 
after  mid-J\ily.    Oreatest  mite  increases  occurred  between  June  1  and  June  2^. 
On  June  23*  the  few  mites  found  on  trees  sprayed  with  pheno-lead  had  a 
bloated  ax)pearanoe  and  were  much  less  active  than  the  more  numerous  mites 
on  other  plots.    Oil  sprays  at  delayed  dorman,t  and  nicotine  sprays  at  first 
cover  had  reduced  the  predators  ■  Diaphnidia  pellucida  and  ^yallodes 
vitripennis  to  insignificant  numbers  before  differential  sprays  were  applied 
in  2nd  and  3rd  covers.    Qie  early  absence  of  other  predators  on  all  plots 
during  the'  period  of  rapid  mite  increase  does  not  explain  the  increase  in 
mite  populations  on  some  plots  over  others.    The  lady  beetle,  Stethorus 
£unctum,  was  most  abundant  on  DDT  sprayed  trees  in  mid-July  but  it  was  not 
nximerous  enou^  to  account  for  the  rapid  decline  in  numbers  of  mites  in  late 
July. 

Green  aphids  increased  on  terminals  of  trees  sprayed  %rith  i>henothiazine- 
lead  arsenate  in  the  West  block  wherein  trees  sprayed  with  either  DDT-L6ad  or 
BL  l^^Le&t  were  free  from  aphids.    However,  aphids  declined  rapidly  in  numbers 
on  the  pheno-lead  plot  about  2  weeks  sifter  third  cover  and  produced  no  ob- 
jectionable injury.    Aphids  were  not  numerous  on  trees  that  had  received 
pheno-lead  combinations  in  the  Sast  block. 

Plum  curculiot    The  failure  of  codling  moth  poisons  such  as  phenothia- 
sine,  DDT  or  nicotine  to  control  plum  ctirculio  necessitates  the  use  of  lead 
arsenate  in  all  test  sprays  at  petal-fall  and  in  some  of  the  later  cover 
sprays  until  a  safer  or  more  effective  substitute  is  available  to  replace 
lead  arsenate  for  curculio. 
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Phenothiaslna  *  lead  arsenate  in  eoimneroial  orchards: 


Pheno-lead  combinations  will  be  used  in  some  of  the  heavily  infested  codling 
moth  orchards  of  Southern  Pennsylvania  in  1945.    On  the  basis  of  available 
information,  we  have  suggested  that: 

1»  Micronized,  unconditioned,  green  phenothiazine  be  of  an  average  pai*ticle 

size  of  4  to  5  microns,  none  over  10  microns  and  that  it  contain  no  added  agentst 

2*  It  should  be  used  with  a  straight  lead  arsenate: 

3*  1!m>  lbs*  pheno  and  3  lbs*  lead  should  be  mixed  dry  before  pasting  with  5  pints 
water  for  each  100  gallons  of  spray: 

4,  In  pasting,  add  water  slowly,  while  stirring  briskly  and  patiently  thru  the 
crumbly  stage  before  nuiking  a  smooth  paste*    This  can  be  done  with  pail  and 
paddle  but  a  concrete  mixer  saves  time  in  mixing  large  batches: 
5«  Add  the  paste  to  e  near-full  tcmk  of  water  with  the  agitator  nsnning» 
(Carefully  mixed  pheno-lead  will  not  layer  o4  settling  as  does  a  hastily 
prepared  mix  and  it  will  stir  up  as  well  in  pipe  lines  or  sprayers  as  lead 
arsenate  if  allowed  to  settle): 
6,  Pheno-lead  is  suggested  for  use  in  3  sprays  that  cover  the  greater  part 
of  first  brood  hatching  (locally  in  an  average  season  on  about  17,  27  and  37 
days  after  petal»fall  of  Stayman  and  earlier  on  later  blossoming  varieties 
-when  median  dates  are  considered  for  applications  requiring  several  days  to 
.  get  over  the  orchard): 
7*  Nicotine  sulfate  may  be  added,  if  needed  for  leafhoppers  and  aphids,  in  one 
or  more  of  these  sprays* 
8»  These    3  pheno-lead  sprays  should  be  preceded  by  a  petal  fall  spray  of 
sulfur  and  lead  arsenate  or  sulfur-lead  arsenate-Fermata  and  the  first  ooTsr 
may  be  started  with  the  same  materials  but  a  change  to  the  pheno-lead  is 
suggested  in  time  to  precede  heavy  hatchings 
9«  No  lime  is  suggested  for  sprays  preceding  pheno-lead  applications* 
10#  In  marQT  orchards,  it  will  be  desirable  to  follow  with  an  arsenioisil  injury 
corrective  together  with  additional  lead  arsenate  about  50  days  after  petal- 
fall  of  Steiyman,    A  ^2-100  Bordeaux  mixture  or  zinc  sulfate-lime  may  be  used 
safely  on  dry  foliage  as  a  corrective.    Later  sprays  will  be  required  where 
control  of  first  brood  is  inadequate.    ?fhere  fruits  are  grown  for  processors, 
pheno-lead  may  be  used  in  second  brood  sprays.    However,  interference  with 
normal  color  development  and  the  chalky  gray  residue  may  make  it  undesirable 
for  second  brood  sprays  on  fjruits  produced  for  fresh  fruit  marketsi 
llFhenothiazine  is  relatively  safe  tvhen  compared  to  many  poisons,  but  the  effects 
on  those  who  spray  with  it  for  long  periods  of  time  are  not  well  known. 
Individuals  are  known  to  vary  in  susceptibility  to  skin  bum.  Painful  sores 
can  result  if  the  hands  are  rubbed  in  gloves  soaked  with  phenothiazine  spray 
in  a  single  day  of  spraying.  It  is  suggested  that  a  protecti-ve  paste  be  used 
over  exposed  skin  surfaces  and  that  ointments  be  on  hand  to  relieve  skin  bum 
after  exposure.    The  writer,  after  spraying  in  the  drip  from  pheno-lead  for 
periods  totalling  40  hours  durlngthe  season  and  making  no  effort  to  change  from 
saturated  clothing  for  some  time  after  each  spray  application  experienced  no 
burning  from  pheno-lead  in  1944  although  conditioned  phenothiazine  had  given 
skin  bum  in  1942  • 

12.  The  usual  precautions  against  inhaling  dry  spray  powders  should  be  observed 
in  handling  pheno-lead. 
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TIBOINIA 

W.  S.  Hou^,  Winchester  Research  Lahoratory,  Virginia 
Agricultural  Szperiment  Station,  Vincheeter. 

Codling  moth  injury  in  IS^k  was  more  severe  in  northern  Virginia 
than  in  any  previous  season  for  th^  past  23  years. 

Most  of  the  orchard  tests  were  a  continuation  of  last  year's 
experiments  which  were  intended  primarily  to  oh serve  the  influence  of 
various  spreaders  cuid  stickers  on  lead  arsenate  in  control  of  the  cod- 
ling moth.    Tests  were  also  continued  with  various  concentrations  of 
lime,  zinc  sulfate  and  lime,  and  copper  stdfate  and  lime  as  correctives 
for  arsenical  injury.    The  results  as  shown  in  table  1  indicated  that 
crude  soybean  oil  (plot  30)  reduced  the  percentage  of  injured  fruit, 
i.e.,  worms  and  stings,  more  than  any  other  sticker  or  spreader  used 
with  lead  arsenate.    Several  of  the  commercial  products  added  little 
or  noting  to  the  efficiency  of  lead  arsenate.    Among  the  materials 
which  appeared  to  lower  the  toxicity  of  lead  arsenate  were  DN-lll  in 
plot  21,  lime  10  pounds  in  plot  23*  Mixol  in  plot  3U,  and  Vatkine  Dip 
in  plot  JS,    In  several  others  the  percentage  of  wormy  fruit  was  some- 
what higher  than  in  the  plots  which  received  lead  arsenate  alone  or  in 
combination  with  the  usual  amounts  of  lime  as  in  plots  3*  22,  23 >  and 
2U.    Arsenical  injury  was  severe  in  plot  3  only,  all  correctives  gave 
satisfactory  control  of  this  phenomenon. 

DDT  as  used  in  plots  1,  2,  ^2,  and  kj  greatly  reduced  the  number 
of  "stings"  and  conse<iuently  the  percentage  of  fruit  showing  codling 
moth  injuries.    In  plots  1  and  2  the  percentage  of  wormy  apples  was 
slightly  higher  than  in  seversil  of  the  best  lead  arsenate  plots.  A 
higher  concentration  of  DDT  (l  potuid — 100  gallons)  as  used  in  plots '^2 
and  U3  kept  the  fruit  relatively  free  from  live  worms  until  late  in 
August  when  live  entries  appeared  in  plot  ^3  which  had  not  been  sprayed 
after  the  sixth  cover  on  July  2k,    Plot  ^2  received  an  additional  cover 
•pray  on  August  8  which  gave  better  pro.tection  against  live  entries  for 
the  remainder  of  the  season. 

Ho  spray  injury  was  noted  on  any  of  the  trees  in  the  DDT  plots. 
Varieties  included  Stayman- Vine sap,  Arkansas,  and  Delicious.  Bordeaux 
mixture  2-^100  formula  %ras  used  in  the  sixth  cover  in  plots  2,  ^2  emd 
U3;  and  in  the  third  cover  in  plot  U2,  to  which  lead  arsenate  was  also 
added. 

lAxen  examined  in  early  September  mites  had  increased  greatly  on 
the  foliage  of  all  trees  which  received  the  DDT  sprays,  averaging  2,3^1 
mites  per  100  leaves  compared  to  2  per  100  leaves  on  trees  ^ich  received 
the  lead  eu: senate  sprays. 

In  the  above  tests  the  "Ges^ol"  DDT  preparations  were  obtained 
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from  Oreigy  Company  and  23  percent  BDT  from  DuFont  Costpany.  fhe  products 
mixed  readily  with  water. 


Ta'ble  I.  Besults  of  orchard  tests,  Winchester,  Va* 
Hote:         Lead  arsenate  3  pounds  in  calyx  spray. 


Plot 
Ho. 

Cover 
Sprays 

Materials  per  100  ^llons  (#  =  11).) 

Percent 
Voroy  Injured 

1 

1-7 

Gesarol  (A-20)  2# 

7.1 

15.7 

2 

1-2 
3-7 

Lead  3#,  lime  2# 
Gesarol  (^.-20)  2# 
Gesarol  oil  ^5il-D;  1  gal. 

5.3 

ll+.O 

1-7 

Lead  3f 

2.5 

34.4- 

k 

1-  2 

2-  7 

Lead        lime  2lf 

Black  Leai-lDD  3t,  oil  1  pt. 

13.0 

5 

1—3 

Jjead  3*  / 

iilacK  iieai-155  ^  yw%  oix  i  px. 

^.  fc 

1  ^  R 

6 

1— H 

^7 

Lead  3* 

Lead  1  l/2#,  Blaclc  Leai-155  3ir,  oil  1  pt. 

3.6 

20.2 

7 

1-  7 

2-  7 

Lead  3* 

Bordeaux  1/4-1-100 

2.6 

18.6 

8 

1-  7 

2-  7 

Lead  3t 

Bordeaux  1/2-1-100 

7.0 

18.3 

•  ✓ 

9 

1-  7 

2-  7 

Lead  3# 

Bordeaux  1/2-2-100 

5.1 

26.9 

10 

1-7 

Lead  3#,  zinc-lime  l/U-1-100 

^.8 

32.0 

11 

1-7 

Lead  3#,  zinc-lime  1/2-1-100 

7.9 

30.7 

12 

1-7 

Lead  3#.  zinc-lime  l/U-^2-100 

2.9 

22.6 

13 

1-7 

Lead  3#.  zinc-lime  1/2-2-100 

1.7 

31.5 

\\ 

1-7 

Lead  3#.  zinc  oxide-lime  1/ 2-1-100 

3.8 

27.2 

15 

1-7 

Lead  3#,  lime  2#,  Al(OH)^  paste  3# 

8.8 

34.9 

lb 

1-7 

Lead  3#.  lime  2#.  CoHoidal-77  6  oz. 

33.1 

17 

1-7 

Lead  3#,  lime  2#,  (Z-l)  .33# 

4.1 

29.2 

18 

1-7 

Lead  3#.  lime  2#,  Ortho  Dry  Spreader  l/2# 

1-5 

26.7 

19 

1-7 

Lead  3#.  lime  2#,  Grasselli  Spreader  1  oz. 

 ^ 

32.9 

20 

1-7 

Lead  3#.  lime  2#,  Soybeah  flour  l/2# 

51.5 

21 

1-7 

Lead  3#.  DN-111  1  l/U# 

10.0 

29.3 

22 

1-7 

Lead  3#,  lime  2# 

3.0 

?2.9 

1-7 

Lead  3#.  lime  3# 

2.2 

26.9 

1-7 

Lead  3#,  lime  5# 

2.7 

23.0 

25 

1-7 

Lead  3#.  lime  10# 

12.il- 

2b 

1-7 

Lead  2#.  lime  2# 

7.9 

33.8 

27 

1-7 

Lead  4#,  lime  2# 

2.5 

1^.5 

.,28 

1-7 

Lead  3#.  lime  2#,  Kerosene-soap  l/2  gal. 

\:z 

33.8 

29 

1-7 

Lead  3#,  lime  2#,  Kerosene  2  qt. 
Crude  soybean  phosphatides  8  oz. 

3.0 

a. 9 

l/Missiselppi  Bentonite 
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Ta'ble  I,  (Continued) 


Plot  Cover 
No.  Sprays 


Materials  per  100  gallons  (#  =  lb.) 


Percent 


Wormy  Injured 


30       l"?     Lead  3#»  lime  2#,  crude  soybtfan  oil  1  qt. 


it7  1^4 


31       1-7     Lead  3#.  lime  2#.  Spraylastlc  1  qt. 


32       1-7     Lead  3#»  lime  2#,  Orthex  1  pt. 


20.6 


3^       1-7     Lead  3#.  lime  2f.  Orthex  1  qt 


  ii. 

1-7     Lead  3#,  lime  2if7  Mlxol  1  pt. 


1-7  Lead  3#>  lime  2#. 
1>7     Lead  3#.  lime  iiT 


fish  oil  1  qt. 


ill  


Watklns  Dip  2  qte. 


loa  


37  1-7     Lead  3#.  lime  2#. 

38  1-7     Lead  3#.  lime  2#. 


light  oil  1  qt. 


2.S 

T5" 


21.2 


light-medium  oil  1  qt. 


28.7 


i 


1-7  Lead  3#.  llme-2#,  Nufllm  1  pt. 
1-7     Lead  3#.  lime  2#, 


LtjO  21^ 


0 
la 


Nufllm  1  qt. 
Triton  (B~1956)  2  o^ 


1-7     Lead  3#.  lime  2#. 


2.5  16.0 


»^2 


1-3  Lead  3#.  lime  2# 
3-7      25K>  DDT  U# 


1.7  10.1 


^3 


1-3  Lead  3#,  lime  2# 
U-6     25^  DDT^# 


4.2  iH.i 


Checks,  unsprayed 


76>9  83.1 


Ixploratory  %irork  on  the  removal^  of  DDT  residue  as  shown  In 
Ta'ble  II  Indicated  that  current  methods  of  spray  residue  removal  were 
not  efficient  means  for  the  removal  of  DDT  residue. 


Table  II.      DDT  residue  and  results  of  treatment  for  its  removal  from 

Stayman-Wlnesap  apples  picked  from  Plot  ^2  on  October  6,  19^ 


Treatment  for  removal  Teoip.      DDT  residue, 

 of  wash  gr./lb. 

Not  treated   ,0^2 

Washed  U5  seconds  in  HCL  1.3^  .'.   7I>   7.  .O37 

Washed  45  seconds  in  Sodium  silicate  75  lb.  and 

soap  1  lb.  per  100  gallons   71©  P.  .027 

Washed  U3  seconds  in  Trisodium  phosphate  10  lb. 

per  100  gallons    62°  1.  .O3U 

Brushed,  Trescott  machine    .04l 
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yiROIHIA  (Continued) 

A.  M.  WoodBlde,  Field  Laboratory,  Virginia  Agricultural 
Experiment  Station,  Staunton. 

The  carry-over  of  codling  moths  was  very  heavy  in  those  or- 
chards vdiich  had  borne  a  crop  in  19^3*    Emergence  of  spring-brood  moths 
began  about  a  week  earlier  than  the  usual  time,  and  the  emergence* 
reached  an  early  peak.    !Qie  testperatures  were  considerably  above  normal 
during  the  spring-brood  flight,  but  there  were  frequent  rains,  which 
aided  in  holding  the  infestation  down.    Infestation  was  much  lower  in 
orchards  which  had  a  crop  failure  in  19^3*    Emergence  of  first-brood 
moths  remained  high  \uitil  it  merged  with  the  second-brood  flight,  which 
started  about  the  middle  of  August,    Precipitation  during  the  ten-week 
period  of  heavy  moth  fli^t  all  came  in  a  few  heavy  rains,  thus  inter- 
fering little  with  the  egg-laying.    Infestation  increased  rapidly  during 
this  period,  as  most  of  the  orchards  were  on  a  non-wash  schedule,  and 
nicotine  could  not  be  obtained  for  emergency  sprays.    The  prospective 
carry-over  is  the  heaviest  for  many  years. 

The  predacious  beetle,  Tenebroides  cortlcalis  Melsh.,  became 
more  common  under  bands  late  in  the  season  than  it  has  been  for  several 
years;  but  it  had  little,  if  any  effect  on  the  infestation  this  season. 
It  may  have  had  some  slight  effect  on  the  nuaiber  of  larvae  entering 
hibernation  in  some  orchards. 


VASHIHGTOH 

W.  J,  O'Neill,  and  K.  C.  Walker.  Tree  Pruits  Branch,  Wenatchee 
and  R.  L.  Webster,  Washington  Agricultural  Experiment  Station, 
P\2llfflan. 

I.        SEASONAL  coiroiTioiirs  jm  status  of  codling  moth  IHS^STATIOH 

DURING  19W 

Prevailing  temperatures  were  favorable  to  the  codling  moth  for 
the  19^  season.    Minimum  monthly  teiaperattires  were  as  follows: 
November  I9U3,  sU®;  December,  11^ i  January,  19^,  8°;  February,  18°; 
March,  22°;  April,  31®J  *^y»  Maximum  temperatures  for  period  of 

moth  activity  for  IShk  were,  May,  S29;  June  Sk^;  July  10^^®;  August,  9U0; 
with  eight  days  with  a  maximum  above  90^;  September  97O;  with  eight  days 
{kth  to  11th,  inclusive)  having  a  maximum  temperature  above  91®*  Rainfall 
reported  in  inches  for  the  period  April  1  to  September  30th  was  as  follows: 

April,  0.93;  May  O.3I;  June,  1.^2;  July,  0.09;  Aiigust,  0.52; 
September  O.61. 
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Bait  traps  l^egan  catching  moths  on  May  3^if  Indicating  this  date 
for  the  earliest  efflergence  of  the  spring  brood  of  moths.    Prevailing  tem- 
peratures dxiring  the  month  of  May  were  generedly  favorable  for  emergence 
and  moth  activity.    The  daily  peak  catch  of  moths  occurred  on  May  20th 
hut  the  period,  May  2^  to  May  }0,  shoved  the  highest  sustained  catch  for 
the  spring  brood  of  moths.    Jirst  larval  entry  occurred  about  May  2$  which 
was  only  a  day  or  so  earlier  than  the  two  preceding  seasons,    de  favorable 
conditions  which  prevailed  froa  June  to  September  resulted  in  a  severe 
attack  by  the  codling  moth  with  late  larval  entry  continuing  well  into 
the  early  harvest  period. 

Despite  the  hcmdicaps  of  extremely  windy  conditions  emd  inex- 
perienced help  during  the  early  cover  sprays,  growers  generally  produced 
a  commercially  clean  crop  of  fruit  as  evidenced  by  a  packed  crop  of 
lU,U00.000  boxes  estimated  for  the  Wenatchee-Ok^ogan  district. 


II. 

BXSULTS  0?  CONTROL  laFXRIHENTS 

(a)  Experimental  set-up. 

Plots  consisted  of  two  trees  in  a  block  of  top  worked 
delicious  variety  without  replication. 

(b)  The  inclusion  of  additional  materials  in  the  lead  arsenate 
or  cryolite  plots  appeared  to  reduce  the  efficiency  of  codling 
moth  control  for  all  plots  due  to  the  severe  infestation  and 
continued  attack  of  late  season  larvae. 

Table  I.    Control  by  Insecticides 

Plot 
No. 

Plot  Treatments  and  Materials  per  100  Gcdlons 

1 

DDT  1  1/2  lb.  1/  (2  eal.  kerosene)       fn^rAva.  r/p6. 

2 

DDT  1  1/2  lb.  (2  gal.  kerosene).  6  sprays,  5/26,  6/5.  6/28,  j/Sik,  g/3. 

g/15. 

3 

Same  as  L.  A.  check  treatment  1st  brood;  DDT  1  1/2  lb.  (2  gals. 
Kerosene),  3  sprays,  7/2U,  g/3,  S/l5. 

k 

Lead  arsenate  3  lb.,  "DN-111"  i/  5  oz.,  7  sprays  i/ 

9 

Same  as  L.  A.  check  treatment  except  "DN-111"  1  oz.  added  to  all  sprays. 

12 

L.  A.  3  lb.,  petroleum  oil  <ii^t)  1  qt.,  let  &  5th  covers— 3  qt. ,  2nd, 
3rd,  Uth,  6th  and  7th  covers. 

1? 

Seune  as  L.  A.  check  2  covers;  L.  A.  3  lb.,  kerosene  2  gal.,  5  covers. 
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Table  I.  (Continued)  

Plot 

No.   Plot  Treatments  and  Mater l^s  per  100  gallons 

15  Same  as  L.  A.  check  3  covers;  L.  A.  3  3^^^  ^  (rotenone  extractives) 

\  1/?  r^-   ^  gnvftrg.   ^    - 

* 

16  Same  as  L.  A.  check  Ist  brood;  L.  A.  3  lb,,  "DN-111"  5  oz..  3  sprays. 

L*A.  Lead  Arsenate  3  l^**  light  petroletim  oil  1  qt.,  let,  ^th,  and  7th 
Check    covers — 2  qt.,  2nd  ,  3rd,  H^th,  and  6th  covers.   

17  BDT  15  08.  (5  qt.  kerosene).  3  covers.  5/26,  6/5,  6/28.  

18  DDT  16  og.  (5  qt.  kerosene).  6  covers.  5/26.  6/5,  6/28,  7/25.  S/k,  8/16. 

19  Same  as  cryolite  check  Ist  brood;  DDT  13  os.  (3  qt.  kerosene).  3  sprays, 

20  Cryolite  3  lb..  "DN-lll"  5  oz..  7  sprays. 

25      Same  as  cryolite  check  except  1  oz.  "DM-lll"  added  to  all  sprays.  

28  Cryolite  3       •  li^t  petrolerm  oil  1  qt,,  let  and  5th  covers, — 3  ^t., 
 2nd,  3rd,  Hth,  6th,  and  7th  covers.  

29  Same  as  cryolite  check  3  covers;  cryolite  3          3^^^  (rotenone  ex- 
 tractives)  1  I/2  pt..  last  k  covers.  

30  Same  as  cryolite  check  3  covers;  AK-20  1/  (DDT  20jt  in  pyrophyllite) 
 2  lb. ,  U  covers.  

31  Same  as  cryolite  check  2  covers;  cryolite  3  kerosene  2  ged., 
5  covers.  , 

32  Same  as  cryolite  check  except  Xanthone  ^(Genicide)  2  lb.,  casein 
 ammonia-kerosene  1  qt..  used  in  last  2  covers,  S/k  and  8/16. 

33  Same  as  cryolite  check  1st  brood;  cryolite  3  lb,,  "DH-lll"  5  oz., 

3  sprays.   ,  

Cry-      Cryolite  3  lb.,  light  petroletun  oil  1  qt.,  let,  5th,  and  7th  covers— 
olite    2  qt.,  2nd,  3rd,  Uth,  and  6th  covers. 

Check   -   —   


1/    DDT  was  secured  from  &eigy  Company  as  a  DDT  concentrate.  This 
material  was  added  to  a  drum  of  kerosene  at  the  rate  of  12  ounces 
DDT  per  gallon  kerosene  and  sufficient  B-1956  added  to  emulsify 
the  oil. 

2/    DN-111,  a  commercial  product  of  Dow  Chemical  Company,  20  percent 
dicyclohexylamine  salt  of  DNOCHP. 
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7ootiiot««  (Continued) 

CoTer  tpray  dat««  for  all  ipngrt  tinlott  oth«rvlta  noted  were 
fonr  firet  l)rood  «pray«  applied  5/26»  6/5,  6/15,  6/28;  three 
•eoond  brood  ipraye  7/2^25»  8/15-I6. 

31U-B,  a  rotenone  extraotlre  by  iaerlean  Oyaakm^A  Conpany. 

Ai;->20,  ODT  20  percent  In  Fyropbylllte;  Qelgy  Conpany. 

Xanthone  (Oenlelda)  General  Qieodoal  Company. 


Iffldeney  of  control  was  determined  by  examination  of  200  applet 
per  tree  taken  nnlformly  from  all  boxes  harrested.    The  percentage  of  vormy. 
stung  and  clean  fruit  based  on  the  200  fruit  saa^le  per  tree  are  set  forth 
as  mean  percentages  In  table  II.    Xxtremely  close  correlation  In  control 
resulted  on  the  two  trees  comprising  each  treatment.    In  no  case  did  the 
▼arlation  from  the  mean  exceed  10  percent.    Four  plots*  1»  I6,  I7  and  28, 
shoved  a  variation  In  excess  of  5  percent  In  number  of  wo  ray  fruits  or  In 
number  of  clean  fruits.    The  remainder  of  the  plots  showed  a  rarlatlon  from 
the  mean  of  from  a  fraction  of  one  percent  to  three  percent. 


Tisble  II.    Percentage  Injured  and  clean  harvested  fruit. 


Table  I: 

i/ 

y 

5/ 
6/ 


Plot  Humber 

Percent 
Vormar 

Percent 
Stun«;  Only 

Percent 
Clean 

1 

16 

75 

0,7 

6.2 

5.5 



 i  

70 

13.7 

16.2 

s 

»^7,5 

12.2 

20.2 

_au5  

— — 

— r-a  

3?.2 

42.2 

— ^^ — 

14.5 

26.5 

Lead  Arsenate  Check 

— f- 

29.2 



17 

21.2 

15.5 

6], 2 

18 

86.5 

19 

57.7 

20 

21^.7 

21 

?5 

30 

  25  

28 

10.2 

?9 

— — 

31 

51.2 

^0 



31 

21 

29.5 

12 

15 

2?.  7 

62.? 

28.5 

41.5 

Cryolite  Check 

??-7 

52.7 
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DDT  employed  for  the  control  of  codling  moth  aa  eet  forth  in  the 
preceding  table  appeared  to  Influence  the  abundance  of  Pacific  mites.. 
This  was  particularly  true  when  first  brood  sprays  only  were  used  or 
when  no  oil  was  dmployed  in  the  program.    Counts  of  mites  on  the  DDT 
sprayed  trees  showed  sereral  times  the  number  of  mites  present  as  com- 
pared to  trees  sprayed  with  a  different  material.    Woolly  apple  aphids 
also  appeared  to  be  more  numerous  on  the  DDT  treated  trees. 

(d)    Spray  Residue. 

The  residue  remaining  on  the  fruit  at  harrest  was  determined 
by  chemical  analysis.    The  DDT  determinations  have  not  yet  been 
completed  and  are  necessarily  omitted  in  this  report.    Table  III 
sets  forth  the  residue  of  lead  or  fluorine  as  determined  for  the 
remainder  of  the  treatments. 


Table  III.    Residue  Load  at  Harvest  in  Grain  per  Found  of  IVuit  1/ 


Plot  Ifumber 

Lead 

Tluorine 

ii 

H 

.305 

• 

9 

.511 

12 

t.  ^  _ 

13 

15 

.250 

16 

.366 

Lead  Arsenate  Check 

.377 

• 

20 

.196 

25 

.257 

28 

.320 

29 

.220 

31 

.270 

32 

.I9U 

33 

.290 

Cryolite  Check 

.177 

1/    Results  presented  are  the  arerage  results  of  duplicate  analysis  on 
un%faahed  fruit. 
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SPRAY  INJURY; 

Periodic  examinations  were  made  for  all  epray  treatments  to 
determine  any  injury  to  fruit  or  foliage.    No  direct  injury  to  the 
fruit  vas  otseryed.    A  secondary  effect  was  apparent  on  those  plots  in 
which  the  foliage  was  injured  by  the  sprays.    This  was  manifested  in 
lack  of  color  and  size  of  the  fruit  accompanied  hy  an  abnormally  heary 
pre-harvest  drop  of  fruit, 

DDT  -  kerosene  treatments  resulted  in  a  characteristic  type  of 
injury  \diich  became  apparent  on  plots  1  and  2  within  ten  days  after  the 
first  coyer  spray.    This  particular  injury  first  appeared  as  a  faint 
mottled  chlorosis  which  progressed  after  subsequent  sprays  until  the 
leaves  showed  necrotic  areas  either  as  shot  holes  or  large  irregular 
areas  covering  l/k  to  j/k  of  the  entire  leaf  blade.    The  order  of 
severity  was  in  proportion  to  the  number  of  applications  and  the  con- 
centration  of  DDT.    Plot  30  (DDT  pyrophyllite)  did  not  exhibit  the  type 
of  injury  encotmtered  in  the  DDT  kerosene  plots.    Late  in  the  season, 
after  severe  mite  damage  had  occxLrred  to  the  foliage,  a  type  of  injury 
developed  but  it  is  not  certain  whether  due  to  DDT  or  mites. 

The  only  other  injury  of  any  consequence  was  found  on  the  DN-111- 
oil  plots  9        25  sini  on  the  DN-lll  second  brood,  plots  16  and  33.  It 
is  of  interest  to  note  that  the  use  of  DN-lll  with  either  lead  arsenate 
or  cryolite  throughout  the  season,  plots  k  and  20  gave  no  importeuit  in- 
Jury  whereas  these  same  treatments,  plots  16  and  33  applied  after  con- 
siderable foliage  injury  by  mites  had  occurred,  resulted  in  considerable 
injury. 


WISCONSIN 

C.  L.  Jluke,  College  of  Agriculture,  University  of  Wisconsin, 
MeMiison. 

A  One- spray  Treatment  of  DDT  as  a  Control  for  Second  Brood 

Codling  Moth  in  Wisconsin 

The  codling  moth  is  a  constant  hazard  to  the  production  of  good 
fruit  but  most  of  the  injuries  are  caused  by  the  second  brood  which  works 
late  in  the  season,  parti cxilarly  during  August  and  September.    Even  in 
well  cared  for  apple  orchards  the  infestation  often  reaches  2^  percent. 

Late  summer  sprays  to  check  this  infestation  are  objectionable, 
from  the  visible  as  well  as  the  actual  residue  \riiich  is  often  present  at 
picking  time.    To  attempt  to  overcome  these  objections  and  to  produce 
cleaner  fruit  DDT  as  a  one  spray,  treatment  was  tried  this  past  season  on 
a  limited  scale. 
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The  orchard  chosen  had  received  the  regular  treatment  of  four 
corer  spraya  of  lead  arsenate,  the  last  helng  applied  Jvly  22,  The 
DDT  used  was  technically  pure  (MB  DDT  made  "by  the  Oeigy  Company,    In  . 
order  to  secure  a  good  water  suspension  the  DDT  %ras  thoroughly  mixed 
with  a  neutral  sodium  oleate  at  the  following  dilutions: 

DDT   91  grams 

Neutral  sodium  oleate  ....  kO  grams 

Water   23  gallons 

This  was  enough  material  to  treat  eight  trees;  two  Wealthy,  three 
Mcintosh,  one  Bed  Starking  Delicious,  one  Golden  Delicious,  and  one 
Salome.    Counts  on  the  last  two  were  not  recorded,    Nei^horing  like 
varieties  were  used  as  controls  but  all  trees  received  the  came  lead 
arsenate  lime  sulfur  sprays.    The  DDT  was  applied  August  3>  probahly 
a  few  days  early  to  be  most  effective.    However,  it  was  applied  early 
%rith  the  anticipation  that  its  effectiveness  would  continue  for  six 
weeks.    Second  brood  flight  of  codling  moths  as  recorded  by  nine  bait 
traps  is  as  follows: 


August 


Date 

No.  Moths 

Date 

No.  Moths 

Date 

No.  1 

23 

3 

August  3 

8 

August  ik 

9 

2U 

0 

k 

20 

15 

3 

25 

k 

5 

10 

16 

1 

26 

3 

6 

3 

17 

1 

27 

11 

7 

8 

18 

2 

28 

k 

8 

6 

19 

3 

29 

7 

9 

10 

20 

2 

30 

0 

10 

3h 

a 

k 

31 

1 

11 

22 

22 

7 

1 

2 

12 

5 

23 

1 

2 

k 

13 

17 

Picking  and  count ihg  began  August  25th  on  the  Wealthy  variety 
and  was  finished  October  12th  with  the  Red  Starking.    All  the  apples  of 
each  tree  were  counted  including  the  drops*    Insofar  as  it  %ra8  possible 
to  do  80,  only  second  brood  injuries  were  tabulated. 

The  results  are  given  in  the  following  table. 
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Table  I.    Ite8\ilt8  of  one  Spray  Treataent  Xl  of  13DT  to  Control  Second 
Brood  Codling  Moth,  liadlson,  Visconsin,  IQU^. 


Total 

Numter  of  Apples 

Pfircent 

Treatment 

Variety 

Dates  Picked 

Apples 

Injured 

Control. 

Wealthy 

"•■o  •             t  t 

1721 

1  J 

2/— 

l648 

and  30 

Sept.  5.8.15. 

2U7U 

v)])T 

Wealthy 

Do 

2528 

2.1 

Control 

Mcintosh 

Sept.  lg»21 

51^ 

75 

15 

h2h 

17.5 

and  26. 

DLT 

McIntoRh 

Do 

1922 

112 

61 

17U9 

9.0 

Control 

Starking 

Oct.  U,  12 

83^ 

7^ 

22 

738 

11.5 

Delicious 

LDT 

Do 

Do 

1007 

91 

25 

891 

11.5 

1/    Trees  had  previously  received  a  four-cover  lead  arsenate  treat- 
ment.   Counts  of  wormy  and  stung  fxTiit  included  only  2nd  brood 
^forBs  as  far  as  it  was  possible  to  determine. 

2/    Stung  and  wormy  fruits  were  not  kept  separate  for  the  wealthy 
variety,  but  most  of  the  injuries  were  stings. 

Conclusion 

At  the  strength  used,  .8  pound  to  100  gallons  water,  DDT  was  not 
very  effective  as  a    one- spray  treatment  for  second  brood  codling  moth. 
Toward  the  end  of  the  picking  season  as  noted  by  the  counts  of  the  red 
starking  variety  the  DDT  had  apparently  entirely^ weathered  off  as  there 
was  no  differences  between  sprayed  and  unsprayed  apples.    Many  of  the 
worm  entrances  to  the  applet  %rere  very  recent  indicating  a  late  hatch 
of  the  moth. 


CANADA 

Jas.  Marshall,  Dominion  Sntomological  Laboratory,  7ernon, 
British  Columbia. 

Codling  moth  investigations  for  194U  were  carried  out  in  \h 
different  orchards  in  British  Columbia.    To  give  details  of  the  various 
experiments  would  necessitate  a  lengthy  report  since  each  would  involve 
a  separate  description  of  experimental  procedure  emd  other  data. 
Accordingly,  the  investigations  are  summarized.    Conclusions  reached  by 
those  "on  the  ground"  serve  as  a  basis  for  future  work  and  for  spray 
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reeoamendatlons  in  this  provlnea.    Ihej  arm  included  in  case  they  might 
be  infopfflative  to  investigators  in  other  areas. 

The  district  in  %diich  the  experiments  were  carried  out  is  semi- 
.  arid.    Irrigation  is  necessary.    Syery  year  there  is  a  partial  second 
generation  of  codling  moth  larvae  and  some  years  a  partial  third  genera- 
tion.   Ihe  season  of  l^kk  was  vera  during  flight  of  the  codling  soth  and 
weather  conditions  are  presumed  to  have  bsen  favorable  for  establishment 
of  the  insect.    !Ihere  was  little  winter  mortality. 

I.  yiSLD  IMVESTIQATIONS 

Trunk  Sprays t 

Investigation  of  tree  trunk  sprays  has  been  under  way  since  19UI 
in  six  different  districts.    It  has  been  concluded  that  under  certain 
circumstances  it  is  advisable  to  apply  a  tnxnk  spray,  not  that  in  itself 
it  is  capable  of  controlling  codling  moth,  but  because  it  is  valuable  as 
a  supplement  to^  the  ordinary  sumjner  spray  procedure.    The  circumstances 
under  v^ich  it  will  be  recommended  are:    First,  an  infestation  of  10 
percent  or  more;  second,  the  presence  of  overwintering  codling  moth 
larvae  on  the  trees.    In  certain  orchards  there  seems  to  be  a  tendency 
for  larvae  to  overwinter  in  the  soil,  «^ere  they  are  not  likely  to  be 
reached  by  a  trunk  spray  application. 

A  small  amount  of  extra  equipment  is  necessary  to  adapt  the 
ordinary  portable  sprayer  for  the  application  of  a  trunk  spray.  Ordinary 
spray  guns  are  lengthened  about  IS  inches  by  brazing  l/k  inch  pipe  to  the 
heads.    Forty-five  degree  elbows  are  screwed  to  these  extensions  and  to 
the  elbows  are  attached  nozzles  bearing  discs  of  k/Sh  inch  aperture.  T's 
inserted  in  the  pressure  lines  make  it  possible  to  use  four  lines  of 
hose  on  a  single  portable  machine.    Swivels  interposed  between  guns  and 
hoses  ensure  more  efficient  application. 

The  preferred  spray  mixture  consists  of  distillate  (furnace  or 
Diesel)  oil  of  approximately  Uo  S.S.U.  Yis.  lOO^F.  15  gallons;  dinitro- 
o-creeol  or  dinitrocyclohexylphenol  3  sodium  lauryl  sulfate  or 

VATSOL  K  2,  5  pounds;  water  to  make  100  gallons.    If  the  dinitro  com- 
pound is  used  at  ^0  percent  concentration,  the  remainder  being  an  in- 
soluble inert  e.g.  DIHITRO  DRY,  only  half  the  amoxint  sodium  lauryl  sulfate 
or  VATSOL  K  is  indicated. 

Approximately  2  gallons  of  spray  are  required  for  a  30  year  old 
tree.    The  spray  is  applied  at  about  1^0  pounds  pressure  to  trunks  and 
scaffold  limbs,  preferably  directed  upwards  with  the  nozzle  held  not 
more  than  6  inches  from  the  sprayed  surface.    Good  agitation  is  essential 
since  the  oil  emulsion  must  be  rather  unstable  in  order  to  give  meocimum 
penetration  of  the  codling  moth  cocoon^    Properly  applied,  the  trunk 
spray  has  killed  up  to  80  percent  of  the  larvae  overwintering  on  the 
sprayed  parts  of  the  tree.    At  harvest,  reduction  in  infestation  has 
ranged  up  to  50  percent.    Cost  of  a  trunk  spray  including  labor,  should 
be  less  than  1  cent  per  box  of  fruit.    The  application  is  made  in  spring 
between  the  date  when  the  sprayer  can  first  travel  in  the  orchard  and  the 

early  pre-pink  period  of  bud  development. 
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Trunk  Sprays — Investigation  of  Tree  Injury; 

To  determine  the  effect  of  varioue  types  of  oils  and  oll-dlnltro 
solutions,  as  well  as  emulsions  of  both,  on  the  trunks  and  scaffold 
lints  of  apple  trees,  investigations  were  carried  out  for  the  third 
successive  year  on  two  acres  of  Mcintosh  and  Jonathan  at  the  East  Kelowna 
Substation  of  the  Dominion  Ssqperimental  Farms  System. 

With  repeated  application,  evidence  is  accumulating  that  very 
light  oils  (32-33  S.S.U.  Vis.  lOQOP. )  are  more  toxic  than  oils  of  ^0 
S.S.U.  Vis.  or  higher.    In  turn,  oils  of  Uo  S.S.U.  Vis.  have  "bsen  more 
injurious  than  ordinary  dormant  oil.    Addition  of  dlnitrocresol  to  oil 
apparently  increases  injury  to  some  extent.    Only  slight  injury  has 
occurred  from  50  percent  distillate  oil  (38-^0  S.S.U. Vis.  100®P. ) 
emulsion  containing  2  percent  dlnitrocresol  in  oil  solution.    No  injury 
has  followed  the  use  of  23  percent  distillate  emulsion  containing  dinitro- 
ore sol. 

Summer  Sprays: 

In  19^^  experimental  work  was  carried  out  on  about  7  acres  in 
two  orchards  at  Sast  Kelowna.    The  work  is  summarised  thus: 

a)  Jlxed  nicotine:    7or  the  second  year,  a  tazik-mixed  fixed 
nicotine  mixture  composed  of  nicotine  sulfate  9*^  otmces  average 
(8  fluid  ounces),  Mississippi  bentonite  k  pounds,  summer  oil  0.^ 
gallon,  monethanol amine  oleate  0.23  pound  gave  codling  moth  control 
equivalent  to  the  currently  recommended  leaA  arsenate-casein-lime 
and  cryolite-caseln>liffle.    Chemical  analyses  have  shown  that  it 
gives  a  reasonably  heavy  nicotine  deposit.    Orowers  who  used  this 
mixture  at  Penticton,  Kelowna  and  Vernon  were  satisfied.  Mississippi 
bentonite-fixed  nicotine  mixture  will  be  recommended  for  use  in  I9U3. 
It  was  first  studied  by  the  U.  S.  Bureau  of  Sntomology. 

b)  Tall  Oil;    A  byprodxict  of  the  paper  industry,  tall  oil 
has  been  found  satisfactory  as  a  substitute  for  oleic  acid  in 
making  summer  oil  emulsions.    It  costs  only  hdlf  as  much  as  oleic 
acid.    Sometimes  growers  when  using  summer  oil,  either  do  not 
emulsify  it  or  use  casein-lime  for  the  purpose.    The  result  is 

an  unsightly,  spotted  deposit  of  the  powdered  solid  compoent 
that  prevents  even  coloration  of  the  fruit,  and  that  may  be  hard 
to  remove.    The  use  of  an  emulslfler  such  as  oleic  acid-monoethan- 
olamlne  or  tall  oil-monoethanolamine  brings  about  a  heavier  deposit 
but  one  which,  because  it  is  more  uniform,  is  less  obvious. 
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c)  Slightly  Refined  and  Hon-Reflned  Petrolemng;  Repeated 
experiments  hare  shown  that  under  conditions  obtaining  In  the 
Interior  of  British  Columhla,  oils  of  75  S.S.U,  Viscosity  at 
100^7.  are  satisfactory  for  use,vdth  fixed  nicotine  at  a  con- 
centration- of  0.5  percent.    Practically  no  highly  refined  oil 
has  >>een  sold  In  the  province  In  recent  years. 

Since  19^2.  experiments  have  Included  oils  of  still  lower 
unsulphonated  residue — only  ^  -  5  percent.    Each  year  fixed  nicotine 
mixtures  made  with  such  oils  have  given  codling  moth  control  as 
satisfactory  as  mixtures  containing  ordinary  summer  oil.  Chemical 
analyses  dtirlng  19^  suggest  that  the  nicotine  deposit  may  be 
hi^er  with  these  oils  than  with  highly  refined  products. 

The  generally  accepted  view  of  summer  oils  would  har  these 
relatively  crude  petroleums  from  consideration  as  summer  sprays  be- 
cause of  the  great  Importance  that  has  been  attached  to  a  hl^  un- 
sulphonated residue  as  an  Indicator  of  safety  to  foliage  and  fruit, 
nevertheless  five  applications  of  k  percent  U.R.  oils  each  year 
have  caused  no  more  foliage  Injury  or  .fruit  injury  than  a  similar 
number  of  applications  of  highly  refined  oil.    Indeed,  in  I9UU 
when  all  oils  were  applied  a  week  after  the  application  of  sulfur, 
distinctly  less  oil-sulfur  injury  followed  the  use  of  H  percent 
U.R.  oil  than  ordinary  summer  oil.    Ihese  low-grade  oils  cost  only 
one  fifth  as  much  as  highly  refined  stuamer  oil.    It  is  clear  that 
they  merit  further  study. 

d)  Phenothlaalne:    Work  on  phenothlazlne  for  codling  moth 
control  was  begun  in  the  Okanagan  Valley  in  1937        has  continued 
to  19^^«    It  has  clearly  been  established  that  this  compound,  when 
wetted  by  oil,  Is,  under  arid  or  semi-arid  conditions,  about  five 
times  as  effective,  po\md  for  pound,  as  lead  arsenate,  cryolite  or 
fixed  nicotine.    To  be  most  toxic  it  must  be  mlcronlzed  and  it  must 
be  applied  with  a  small  amount  of  light  petroleum  oil  such  as  stove 
oil.    Since  x>henothlazlne  has  a  tendency  to  cause  a  deepening  of  the 
green  color  of  applet,  it  may  be  used  to  best  advantage  in  the  early 
cover  sprays — perhaps  the  first  three. 

e)  DDTt    DDT  obtained  from  Gelgy,  was  applied  at  O.^  pounds 
per  100  gedlons  (isrp)  dissolved  in  acetone  then  dispersed  with 
sodium  lauryl  sulfate  2  ounces  per  100  gallons  (Imp).  Limited 
field  experiments  In  19^  have  suggested  that  so  used,  it  Is  of 
about  the  sejue  order  of  effectiveness  as  mlcronlzed  phenothlazlne 
applied  with  stove  oil  i.e.  at  least  five  times  as  effective  as 
lead  arsenate.    It  caused  no  evident  injury  to  foliage  or  fruit 
but  like  phenothlazlne  it  apparently  caused  pronotmced  Increase 

in  European  red  mite  infestation.    Combined  application  with  DN-111 
1  pound  per  100  gallons  (Imp.)  appeared  to  offset  increase  in  mite 
population. 


Moth  Sprays: 

Bxperiments  were  continued  for  the  fourth  successive  year  with 
moth  sprays.    They  have  not -yet  proved  as  profitable  as  those  with  tree 
trunk  sprays.    At  Bast  Kelowna  derri s  added  to  each  of  the  ordinary 
cover  sprays  seemed  to  have  little  value.    Nicotine  sulfate  at  the  rate  , 
of  l/k  pint  per  100  gallons  added  to  the  ordinary  cover  sprays,  however, 
resulted  in  definitely  improved  codling  moth  control.    It  is  not  clear 
if  the  improvement  stemmed  entirely  from  the  destruction  of  the  adult 
insects  or  if  there  mi^t  have  been  increased  mortality  of  the  newly 
hatched  larvae  as  well.    Ammonium  dinitrocresolate  k  ounces  per  100 
gallons  added  to  the  regular  cover  sprays  gave  little  apparent  improve- 
ment in  codling  moth  control  but  for  the  fourth  successive  year  caused 
an  increase  in  size  of  Mcintosh  apples  of  apl)rozimately  20  percent. 
Since  only  in  unusually  htimid  seasons  have  dinitrocresol  derivatives 
been  noticeably  effective  against  codling  aoth  adiilts,  it  is  doubtful 
if  their  use  is  indicated  for  this  pxirpose.    Their  unesqpected  effect  on 
Mcintosh  apples  is  a  matter  for  investigation  by  horticulturists.. 

factors  Influencing  Severity  of  Codling  Moth  Attack; 

Twenty-one  years  ago  Isely  and  Ackerman  came  to  the  conclusion 
the  most  inrportcuxt  factor  leading  to  severe  codling  moth  attack  was  a 
long  period  of  warm  nights  d\aring  flight  of  moths  of  the  overwintered 
generation.    With  that  in  mind  hygro thermographs  were  set  up  in  two 
orchards  near  Kelowna,  in  one  of  which  codling  moth  control  is  a  siinple 
matter  and  in  the  other  a  most  difficult  matter.    The  orchards  are  about 
equidistant  from  Okanagan  lake.    Ihey  are  similar  as  to  elevation,  soil 
type,  age  of  trees,  cover- crop  and  varieties.    In  one  orchard  air  drainage 
is  poor,  in  the  other,  good. 

Although  aaziaum  daily  testperatures  were  similar  in  the  two 
orchards,  the  hourly  temperatures  7  P*ia*  to  11  p.m.  were  on  most 
nights  considerably  higher  in  the  orchard  with  good  air  drainage  and 
heavy  codling  moth  attack.    During  codling  moth  flight  periods,  tempera- 
tures averaged  approximately  3  degrees  higher  in  that  orchard.    On  several 
occasions,  the  mean  tesgperature  during  the  7*11  period  was  nearly  9 

degrees  higher.    According  to  Isely  and  Ackerman  such  a  testperature 
difference  is  sufficient  to  account  for  a  four-fold  increase  in  oviposition. 
Relative  humidity  during  the  7-11  p.m.  period  averaged  approTimately  10 
percent  less  in  the  orchard  subject  to  heavy  codling  moth  attack.  It 
seems  that  purely  from  the  standpoint  of  codling  moth  control,  the  most 
stdtable  location  for  an  orchard  in  the  Okanagan  Valley  is  a  frost  pocket 
and  the  least  suitable,  a  western  exposure  with  good  air  drainage. 
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II.  LABOBATORY  INVESTIGATIONS 

Larvlcldea: 

Against  newly  hatched  codling  moth  larvae*  three  new  types  of  cal- 
cium arsenate,  the  acridine  and  nicotine  salts  of  dinitrocresol,  nicotine 
cuprocyanide,  nicotine  Reineckate,  THANITS  (fenchyl  thiocyanoacetate, ) 
micronized  phenothiazine  and  DBT,  were  compared  on  laboratory  sprayed  fruit 

When  used  without  oil,  the  materials  that  allowed  fewer  entries 
than  lead  arsenate  k  pounds  per  100  gallons,  were,  in  order  of  decreasing 
effectiveness,  Phenothiazine  1  pound,  DDT  1  pound,  nicotine  Reineckate  1 
po\xnd,  nicotine  cuprocyanide  1  pound. 

The  calcium  arsenates,  the  nicotine  salt  of  dinitrocresol,  the 
acridine  salt  of  dinitrocresol  and  miANITX  were  not  sufficiently  effective. 

>fhen  used  with  stove  oil  0.5  gedlons,  DDT  0.5  pounds,  allowed  no 
entries,  phenothiaslne  0.5  pounds  allowed  8.5  percent  entries  and  lead 
arsenate  k  pounds  allowed  U8  percent  entries.  Vfhen  sprays  were  applied 
10  days  prior  to  larval  attack,  the  DDT-stote  oil  mixture  still  allowed 
no  entries.  Phenothiazine- stove  oil  however,  lost  its  effectiveness  to 
a  considerable  extent  (^8  percent  entries).  Lead  arsenate- stove  oil 
allowed  68  percent  worm  entries  after  10  days. 

Other  experiments  involved  examination  of  the  effectiveness  of 
DDT  and  phenothiazine  as  dustt.    DDT  was  found  highly  toxic  to  larvae 
that  crawled  even  for  five  minutes  over  deposits  equivalent  to  those  en- 
countered in  the  field.    It  was  far  more  toxic  in  this  %ray  than  lead 
arsenate.    After  three  weeks,  the  DDT  deposit  had  almost  unimpaired 
toxicity  hut  phenothiaiine  apparently  heccune  almost  innocuous  in  the 
same  period. 

BehaTlor  of  Hewly  Hatched  Codling  Moth  Larvae: 

▲  break  in  the  skin  of  an  apple  either  by  a  very  fine  needle-prick 
or  by  an  attempted  entry  of  a  codling  moth  larva  was  found  to  render  the 
apple  more  susoeptible  to  suecessfol  entry  by  the  codling  moth  larva  than 
an  apple  with  unbroken  akin.    When  the  skin  of  the  fruit  was  unbroken,  the 
codling  moth  larva  had  a  distinct  preference  for  entering  via  stem  or  calyx 
basin,  but  if  there  was  e^n  a  minute  puncture  on  the  cheek  of  the  frxxit, 
the  preference  was  reversed,  over  50  percent  of  the  larvae  locating  and 
entering  via  the  punotxure. 

Presence  of  a  repellent  residue  such  as  lead  arsenate  apparently 
enhanced  the  attractiveness  of  a  puncture  or  break  in  the  skin  of  the 
apple. 
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Vfhen  as  in  the  case  of  heavy  Infestation,  several  larvae  in 
succession  attack  an  apple,  the  likelihood  of  successful  entry  through 
an  insecticide  deposit  is  evidently  more  than  proportionately  increased. 
The  early  arrived s  in  spite  of  dying  before  making  an  entry,  frequently 
do  manage  to  break  the  skin  so  that  later  larvae  which  are  very  likely 
to  discover  the  break  in  the  skin,  succeed  in  exploiting  the  ready- made 
site  of  entry.    This  work  evidently  provides  one  explanation  for  the  in- 
creasing difficulty  of  codling  moth  control  as  heavy  infestations  become 
more  common.    No  doubt  an  even  more  iiaportant  factor  is  the  development  - 
of  a  strain  of  codling  moth  resistant  to  the  generally  used  stomach  in- 
secticide such  as  lead  arsenate,  cryolite,  or  fixed  nicotine.    This  point 
has  been  demonstrated  by  investigators  in  the  United  States. 

Action  of  Inert  Dusts  on  Codling  Moth  Larvae; 

Some  powdered  substances,  presumed  to  be  inert,  have  been  shown 
to  be  toxic,  when  certain  types  of  insects  crawl  over  them.    The  action 
is  one  of  desiccation  following  abrasion,  i.e.  the  waxy  layer  on  the 
body  of  the  insect  is  rubbed  off  at  point  of  contact  with  the  dust  and 
body  water  is  rapidly  lost  by  evaporation.    Experiments  with  substances 
such  as  finely  divided  silicon  carbide  have  so  far  not  shown  promise  as 
far  as  codling  moth  control  is  concerned. 


CANADA  (Continued) 

V.  0.  Garlick  and  V.  L.  Putman,  Dominion  Sntomological  Laboratory, 
Vineland  Station,  Ontario. 

I.  Seasonal  Conditions  and  Status  of  Codling  Moth  Infestations 
during  19Uir 

In  those  areas  of  Ontario  subject  to  serious  codling  moth  injury 
the  infestation  \ibb  generally  worse  than  in  19^3t  with  considerable  late 
injury.    There  were  notable  exceptions,  however,  in  quite  a  number  of 
orchards  where  very  little  late  injury  occurred  and  spraying  consequently 
gave  good  results.    The  only  explanation  we  can  suggest  is  erratic  rain- 
fall, the  showers  being  often  extremely  localized.    In  a  local  orchard 
spring  moths  appeared  about  a  week  earlier  than  in  19^3  and  were  much 
more  nruDerous.    First  generation  larvae  matured  a  few  days  earlier  and 
first  generation  moths  were  earlier,  both  first  and  peak  emergence. 
However,  after  the  end  of  August  hardly  any  larvae  matured  as  compared 
with  large  n\imbers  in  19^3* 

II.  Studies  on  Codling  Moth  Biology  or  Behavior 

Biennial  Habit:    Out  of  a  total  of  hohs  larvae  that  survived  the 
winter  in  pasteboard  in  an  open  insectary,  23  larvae  (about  0.6  percent) 
did  not  transform  this  season  and  are  expected  to  give  rise  to  moths  in 
I9U5.    These  non- transforming  larvae  were  taken  in  band  collections  from 
August  12  to  October  I3,  I9U3. 
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Correlation  of  Time  of  Katuring  of  Diapause  Larvae  with  Time  of 
Transformation  the  Follovlng  Sprlngt    The  observations  made  this  season 
are  In  agreement  with  those  given  In  this  report  for  19^3*    The  earliest 
and  latest  maturing  diapause  larvae  gave  rise  to  the  earliest  moths  this 
spring.    Those  maturing  during  mldseason  produced  moths  later  this  spring. 

III,      Results  of  Control  Experiments 

The  materials  used  In  19^^  tests  were  as  follows: 

Gesarol  A  20  -  DDT  20%  with  vetting  agents.    Gelgy  Co., 
New  York. 

aesarol       20  -  DDT  20^  without  wetting  agents. 
Oesarol  A  -  DDT  5JJ,  Geigy  Co..  New  York. 

DDT-talc  -  DDT  (Oeigy's  ONB-A-DDT)  10?^,  talc  Sfi,  orvus  35^. 

ground  twice,  under  our  direction,  in  hammer  mill 
in  a  local  insecticide  pletnt. 

DDT  -  Except  as  the  Gresarols,  all  DDT  was  manufactured  hy 

Dodge  &  Olcott  Co.,  New  York.    M.P.  10^-105®  C;  para- 
para-isomer  ^6%, 

Coposil  -  Copper  as  metal  20^;  zinc  Active  Ingredient 

copper  ammonium  silicate.    Manufactured  hy  California 
Spray- Chemical  Corp.,  Hlzaheth,  N.  J.,  sold  by 
Niagara  Brand  Co.,  Burlington.  Ontario. 

Bartlett's  Standard  Wet  table  Sulphur  -  9^5^  mlcroniaed  sulphur. 

N.  M.  Bartlett  Spray  Works, 
Beamsvllle,  Ontario. 

Imperial  Markol  HX  oil  -  Viscosity  S.S.U.  75-^5?  unsulphonated 

residue  965^.    Iniperlal  Oil  Ltd., 
Leaside,  Ontario. 


Orchard  Tests 

At  Vineland  Station  four  covers  were  applied  on  June  I3.  26, 
and  July  11  and  22  on  the  following  plots:    Plot  1:    DDT  1  pound  per 
100  Imperial  gallons  in  all  h  covers;  COCS  (copper  26,5^)  1  f/S  pounds 
and  lime  3  3/U  in  first  and  second  covers.    Plot  2:    Same  as  plot  1, 
but  with  Markol  HX  oil  (Vise.  75-85.  Uns.  Hes.  SW  at  1.  I/2,  1/25&  In 
2nd  to  kth  respectively.    Plot  3'    Lead  arsenate  3  3/^  pounds  In  1st  to 
3rd  and  2  l/2  pounds  in  kth;  lime  at  twice  these  amounts;  COCS  1  7/g 
pounds  in  1st  and  2nd;  Markol  HX  oil  1%  in  2nd  and  3rd.  l/25b  in  kth. 
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Plot  hi    Check;  no  insectlcidee  applied.    The  DDT  was  generally  used 
in  the  same  form  as  in  the  corresponding  spray  at  the  Quieenston  orchard 
described  later,  hut  owing  to  extreme  shortage  of  materials  it  was  some- 
times necessary  to  eke  out  the  supply  with  small  quantities  of  other  DDT 
mixtures.    Results  from  five  young  Mcintosh  trees  in  each  plot  (drops  in- 
cluded) are  giTen  belowJ 


Percent 

Percent 

Percent 

Plot 

Total  Apples 

Cle&XL 

Deep 

Stints 

1 

i+085 

21.8 

k.B 

2 

5635 

90.5 

5.9 

3.6 

3 

^565 

81. 3 

10.3 

S.k 

1* 

6680 

10.6 

81,6 

1.8 

Effect  on  Trees  -  After  the  first  application  of  DDT  plus  oil 
Injuxy  began  to  show  up  on  the  leases.    7or  this  reason  the  oil  was  re- 
duced to  1/2  percent  in  subsequent  covers.    The  injury,  burning  euid 
killing  of  leaf  tissue.  Increased  slowly  and  became  quite  serious.  No 
spray  injury  to  fruit  appeared  in  any  plot.    DDT  without  oil  caused  no 
injury  to  fruit  or  foliage. 

Effect  on  other  insects  -  A  fairly  heavy  infestation  of  European 
red  mite  appeared  in  plot  1.    Plot  2.  owing  to  the  oil,  remained  free 
tintil  late  in  the  season  when  the  infestation  appeared  to  spread  from 
plot  1. 

In  a  yery  heavily  infested  orchard  at  Queenston  a  block  of  20 
large  IPameuse  trees  were  given  four  covers  of  DDT,  beginning  June  8,  at 
intervals  of  12  and  ik  days  with  the  following  materials  per  100  Imperial 
gallons. 

First  cover  -  Gesarol  A  20,  7  I/2  pounds  (actual  DDT  1  1/2  pounds). 
Wet  table  8ulf\ir  10  pounds. 

Second  cover  -  DDT- talc  10  pounds  (actual  DDT  1  po\md),  Wettable 
sulfur  10  pounds. 

Third  cover  -  DDT- talc  10  pounds  (actual  DDT  1  pound). 

Fourth  cover  -  Gesarol  AK  20,  5  pounds  (actual  DDT  1  pound) 

Orvus  (30^  sodium  lauryl  sulfate)  2  I/2  ounces. 


ThroTighout  the  period  of  spraying  the  fruit  remained  remarkably 
clean.    On  July  26,  nine  days  after  the  last  DDT  spray,  and  when  the  plot 
was  still  clean,  a  special  application  of  1  percent  summer  oil  was  necessary 
for  European  red  mite.    By  August  12  codling    moth  larvae  began  to  enter  the 
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fruit  and  continued  until  at  harvest  two  sampled  trees  bore  an  average 
of  only  33*6  percent  clean  fruit  (drops  included).    The  surrounding 
orchard  had  only  7*^  percent  clean  fruit,  failure  of  the  water  supply 
havijttg  prevented  any  late  spraying. 

It  was  evident  that  a  coverage  of  DDT  was  highly  effective 
against  codling  moth  hut  its  persistence,  in  the  form  used,  was  not 
very  great. 

Effect  on  7oliage  and  Fruit  -  Ahout  August  12  a  certain  amount 
of  yellow  leaf  appeared  followed  hy  some  premattire  leaf- fall,  "but  this 
was  not  at  all  serious.    Just  what  factors  were  responsible  -  DDT,  oil 
or  mite  injury,  is  not  known.    Some  cracking  of  the  skins  of  the  fruit 
was  present  at  harvest  hut  this  may  he  characteristic  of  the  variety 
under  certain  conditions. 

Effect  on  other  Insects  -  An  outbreak  of  European  red  mite 
developed  with  reaarkable  rapidity  on  DDT  sprayed  trees  between  July 
3  and  17.    A  spray  of  1  percent  summer  oil  on  July  26  prevented  any 
very  serious  injury. 

The  coccinellid  Stethorus  punctum  Lec.  was  absent  from  the  DDT 
plot  but  common  on  surrounding  trees  i^ere  it  appeared  to  be  the  most 
important  factor  in  controlling  red  mite. 

White  apple  leafhopper  was  very  much  less  abundant  in  the  DDT 
plot.    Woolly  apple  aphid  was  also  less  common  but  green  apple  aphids 
did  not  seem  to  be  affected.    Many  syrphid  larvae  and  a  few  chrysopid 
larvae  were  found  in  green  apple  aphid  colonies. 


,    Laboratory  Tests 

Methodcf 

Apples,  Wealthy  emd  Jonathan,  picked  before  maturity  and  kept  in 
cold  storage,  were  washed  in  2  percent  hydrochloric  acid  to  remove  spray 
residue.    After  the  calyx  and  stem  ends  were  waxed,  the  fruits  were  re- 
volved individually  in  a  precision  sprayer.    The  exposure  ensured  the 
maximum  deposit  from  all  the  mixttires  tested,  but  as  the  spreading 
power,  and  consequently  the  run-off,  of  the  different  mixtures  varied 
greatly,  the  actual  deposit  was  not  the  same  for  each  mixture.  !Ihe 
results  are,  therefore,  approximately  comparable  to  orchard  conditions 
insofar  as  relative  retention  of  DDT  on  the  fruit  is  concerned.    As  soon 
as  the  spray  had  dried  on  the  fruit,  10  eggs  hatching  within  the  next  2U 
hours  were  pinned  on  each  fruit  and  incubated  at  77®  ^»  aad  75-^5  percent 
relative  humidity.    Both  stings  and  entries  (living  larvae)  were  recorded 
three  days  later,  but  the  numbers  of  stings  were  so  erratic  that  they 
have  not  been  considered.    The  percentage  establishment  as  given  in  the 
tables  was  calculated  from  the  number  of  hatched  eggs  and  number  of 
entries,  euid  is  therefore  inversely  related  to  the  degree  of  control. 
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Because  of  the  difference  in  rate  of  establiehjuent  on  luxsprayed 
Jonathan  and  Wealthy  apples  only  one  variety  was  used  in  each  phase  of 
the  investigations,  and  the  data  given  under  Part  A,  in  which  Wealthy 
was  used,  are  not  directly  coaiparable  with  those  in  Parts  B  and  C,  ob- 
tained on  Jonathan. 

A.    Comparison  of  DDT  Mixtures 

Wealthy  apples  used  in  all  tests.    Owing  to  the  small  number  of 
replicates  in  some  cases,  small  differences  in  results  among  mixtures 
are  probably  not  significant.    (See  table  1.)    It  is  believed  that  the 
data  warrant  the  following  conclusions: - 

DDT  in  any  form  except  as  Geearol  A  spray  gave  very  much  better 
control  than  acid  lead  arsenate,  the  majority  of  the  DDT  mixtures  giving 
better  results  at  0.2^  pounds  tha^  lead  arsenate  at  k  pounds. 

DDT  alone,  ground  in  water  with  3  percent  by  weight  of  Orvus  in 
a  ball  mill  for  20  hours  gave  consistently  better  results  than  any  other 
mixture  at  all  concentrations  tested.    At  1  pound  per  100  gallons  it 
gave  nearly  cooplete  control. 

The  proprieteiry  mixture  &esarol  A  Spray,  containing  5  percent  DDT 
was  very  ineffective  even  at  1  pound  per  100  gallons  giving  only  very 
sli^t  reduction  over  the  checks.    !Ihat  this  was  due  in  large  part  to 
excessive  wetting  agent  was  indicated  in  two  tests  where  much  better 
control  was  secured  after  most  of  the  wetter  had  been  removed  by  washing 
and  decanting. 

DDT  in  acetone  solution,  which  gave  a  finely  divided  suspension 
on  dilution  in  water,  also  gave  very  poor  results,  probably  because  of 
the  wetting  agent  Triton  X-100  which  was  necessary  in  the  solution  to 
prevent  flocculation  of  the  DDT  when  stirred  in  water.    The  solution 
contained  10  gm.  of  DDT  and  10  cc.  of  Triton  X-100  made  up  to  100  cc. 
with  acetone. 

DDT  dissolved  in  Velsicol  AR-SO  with  Triton  X-100  as  an  emulsifier 
(10  gm.  DDT,  10  cc.  Triton  X-100  made  up  to  100  cc.  with  Velsicol  AR.60) 
was  also  ineffective,  again  as  a  result  of  heavy  run-off  owing  to  excess 
wetter.    When  a  similar  solution  of  DDT  in  Velsicol  AB-60,  but  without 
Triton  X-100,  was  emulsified  with  calcium  caseinate  (2  ounces  per  gallon 
of  Velsicol)  control  was  much  higher. 

As  dry  diluent  for  DDT  pyrophyllite  appeared  to  be  superior  to 
talc  or  frianite.    All  three  mixtures  contained  10  percent  DDT,  3  percent 
Orvus  and  87  percent  diluent  by  weight  emd  were  thoroughly  ground  in  the 
dry  condition  for  I3  hours  in  a  ball  mill.    It  is  possible  that  the  amount 
of  Orvus  could  be  reduced  to  advantage,  but  it  is  difficult  to  disperse 
such  a  mixture  in  water  because  of  the  strong  hydro fuge  nature  of  DDT. 
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Table  I.         Comparison  of  Sffect  of  OI>T  Mixtures  on  Hewly  Hatched 

Codling  Moth  Larvae. 


Actual  DDT  Percentage  Establishment 

in  lb.  per  No.  of     Total       In  individual 

100  Imp.  Gal.         Form  Testsl/    Larvae  Tests  Average 


1.0 

Ground  in  water 

4 

307 

0«0.2»1 

0.8 

1.0 

Q^sarol  A  Spray 

1 

92 

51 

51.0 

1.0 

S 

mo 

A  0 
0,9 

7.5 

1.0 

UDT-pyropnylli  te-Orvus 

2 

189 

1.8 

4.5 

0.5 

Ground  in  water 

3 

283 

15.0.2 

5.7 

0.5 

Gesarol  A  Spray 

1 

95 

55 

55.0 

0.5 

Gesarol  A  Spray  Washed 

1 

96 

19 

19.0 

0.5 

DDT-talc-Orvus 

1 

88 

18 

18.0 

0.25 

Groxmd  in  water 

6 

517 

8,13.1.^.i+.5 

5.8 

0.25 

DDT-talc-Orvus 

6 

539 

3^,25.5.17.20,22 

20.5 

0.25 

DDT-pyrophylli  te-Orvus 

6 

15.5.9.6.11.10 

9.^ 

0.25 

DDT-frianite-Orvus 

5 

27,10.30,22.23 

22.^ 

0.25 

Gesarol  A  Spray 

3 

283 

»+7.57.56 

53.3 

0.25 

Gesarol  A  Spray  Washed 

1 

99 

28 

28.0 

0.25 

Acetone-Triton  sol'n 

k 

328 

^9.52.30.^2 

U3.2 

0.25 

Velsicol-Triton  sol'n 

k 

30^1 

33.2^^.52,51 

^0.0 

0.25 

Velsicol  sol 'n-calcium 

2 

185 

15.18 

16,5 

caseinate  emulsion. 

Lead 
Arsenate 

k 
1 

Checks 


Not  sprayed 


hl3 
171 

85^ 


30,52,^1.1^5.54  llU.U 

57.56  56.5 

66,7^.75.73.68,  62.9 
56,37t62tjl 


1/    10  apples  each. 


B,    Test  of  Gesarol  A  20  Spray 

The  supply  of  Gesarol  A  20  Spray  (DDT  20^),  received  after  the 
supply  of  Wealthy  apples  was  eiliauBted,  was  tested  separately  on  Jonathans. 
Results  in  table  2  indicate  it  is  much  less  effective  than  water-ground 
DDT,  at  least  partly  because  of  the  wetter  it  contains.    Increasing  the 
rate  from  1  to  I.5  pounds  per  100  gallons  did  not  increase  the  kill. 
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Because  of  the  difference  in  rate  of  '^sta'bllBhment  on  unsprayed 
Jonathan  and  Wealthy  apples  only  one  variety  was  used  In  each  x>hase  of 
the  investigations,  and  the  data  given  under  Part  A,  in  %rhich  Wealthy 
was  used,  are  not  directly  coatparahle  with  those  in  Parts  B  and  C,  ob- 
tained on  Jonathan. 

A.    Comparison  of  DDT  Mixtures 

Wealthy  apples  used  in  all  tests.    Owing  to  the  small  number  of 
replicates  in  some  cases,  small  differences  in  results  among  mixtures 
are  probably  not  significant.    (See  table  1.)    It  is  believed  that  the 
data  warrant  the  following  conclusions:- 

DDT  in  any  form  except  as  Gesarol  A  spray  gave  very  ouch  better 
control  than  add  lead  arsenate,  the  majority  of  the  DDT  mixtures  giving 
better  restdts  at  0.2^  pounds  tha^  lead  arsenate  at  k  pounds. 

DDT  alone,  ground  in  water  with  3  percent  by  weight  of  Orvas  in 
a  ball  mill  for  20  hours  gave  consistently  better  results  than  any  other 
mixture  at  all  concentrations  tested.    At  1  pound  x>er  100  gallons  it 
gave  nearly  complete  control. 

The  proprietary  mixture  Oes€jrol  A  Spray,  containing  §  percent  DDT 
was  very  Ineffective  even  at  1  pound  per  100  gallons  giving  only  very 
sli^t  reduction  over  the  checks.    That  this  was  due  in  large  part  to 
excessive  wetting  agent  was  indicated  in  two  tests  where  much  better 
control  y&s  secured  after  most  of  the  wetter  had  been  removed  by  washing 
and  decanting. 

DDT  in  acetone  solution,  which  gave  a  finely  divided  suspension 
on  dilution  in  water,  also  gave  very  poor  resxilts,  probably  because  of 
the  wetting  agent  Triton  X-100  which  was  necessary  in  the  solution  to 
prevent  flocculation  of  the  DDT  when  stirred  in  water.    The  solution 
contained  10  gm.  of  DDT  and  10  cc.  of  Triton  X-lOO  made  up  to  100  cc. 
with  acetone. 

DDT  dissolved  in  Velsicol  Aa-60  with  Triton  X-100  as  an  emalsifier 
(10  gm.  DDT,  10  cc.  Triton  X-lOO  made  up  to  100  cc.  with  7elsicol  AR-60) 
was  fldso  Ineffective,  again  as  a  result  of  heavy  run-off  owing  to  excess 
wetter.    When  a  similar  solution  of  DDT  in  Yelslcol  AB-60,  but  without 
Triton  X-100,  was  emulsified  with  calcium  caseinate  (2  ounces  per  gallon 
of  Velsicol)  control  was  much  higher. 

As  dry  diluent  for  DDT  pyrophyllite  appeared  to  be  superior  to 
talc  or  frianlte.    All  three  mixt\ires  contained  10  percent  DDT,  3  percent 
Orvus  and  87  percent  diluent  by  weight  emd  were  thoroughly  ground  in  the 
dry  condition  for  I3  hours  in  a  ball  mill.    It  is  possible  that  the  amount 
of  Orvus  could  be  reduced  to  advantage,  but  it  is  difficult  to  disperse 
such  a  mixture  in  water  because  of  the  strong  hydrofuge  nature  of  DDT. 
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Table  I.         Comparieon  of  Sffect  of  BDT  Mixtures  on  Hewly  Hatched 

Codling  Moth  Larvae. 


Actual  DDT  Percentage  SBtabliehment 

in  lb.  per  No.  of     Total       In  individual 

100  Imp.  (xal.         Form  Testsl/    Larvae  Tests  Average 


1.0 

Ground  in  water 

367 

0.0,2.1 

0.8 

1.0 

Oesarol  A  Spray 

1 

51 

51.0 

1.0 

DDT-talc-Orvus 

2 

186 

6.9 

7.5 

1.0 

DDT-pyrophylli  te-Orvus 

2 

189 

l.S 

^.5 

0.5 

Ground  in  water 

3 

283 

15.0,2 

5.7 

0.5 

Gesarol  A  Spray 

1 

95 

55 

55.0 

0.5 

Oesarol  A  Spray  Washed 

1 

96 

19 

19.0 

0.5 

DDT- tal c-Orvus 

1 

88 

18 

18.0 

0.25 

Oroxmd  in  water 

6 

517 

8,13,1,4.1+, 5 

5.8 

0.25 

DDT-talc-Orvus 

6 

539 

3^.25.5.17.20,22 

20.5 

0.25 

DDT-pyrophylli  te-Orvus 

6 

5^1 

15.5.9.6.11,10 

9.4 

0.25 

DDT-frianite-Orvus 

5 

¥^8 

27,10,30,22.23 

22.4 

0.25 

Gesarol  A  Spray 

3 

283 

^7.57.56 

53.3 

0.25 

Gesarol  A  Spray  Washed 

1 

99 

28 

28.0 

0.25 

Acetone-Triton  sol'n 

\ 

328 

49.52,30.42 

43.2 

0.25 

Velsicol-Triton  sol'n 

\ 

30i| 

33.24.52,51 

40.0 

0.25 

Velsicol  sol 'n-calciuB 

2 

185 

15.18 

16.5 

caseinate  emulsion. 

Lead 

Arsenate 

h 

5 

»*73 

30,52.41.45.54 

44.4 

1 

2 

171 

57.56 

56.5 

Checks 

Not  spraiyed 

9 

85U 

66,74.75.73.68, 

62.9 

56.37.62.55 

1/    10  apples  each. 


B,    Test  of  Gesarol  A  20  Spray 

The  supply  of  Gesarol  A  20  Spray  (DDT  20^),  received  after  the 
supply  of  Wealthy  apples  was  exhausted,  was  tested  separately  on  Jonathans. 
Results  in  table  2  indicate  it  is  much  less  effective  than  water-ground 
DDT,  at  least  partly  because  of  the  wetter  it  contains.    Increasing  the 
rate  from  1  to  I.5  pounds  per  100  gallons  did  not  increase  the  kill. 
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Table  IZ.    Compftriaon  of  Sffeot  of  Oeaorol  ▲  20  Spray  with  Water-Ground 
SDT  on  Newly  Hatched  Codling  Moth  Larrae. 


jLctual  DDT  Percentage  Bstabllehment 

In  lb.  per  Jq^^  Ho,  of       Total        In  Individual 

100  lap.  Qal.   Teete  1/    Larvae   Teste  Average 


0.25 

Water  ground 

9 

8^5 

2.2.3.3.0.2,0.2,0 

1.6 

0.25 

Oesarol  ▲  20 

5 

kSs 

16.35.16,16,23.0.0 

21.2 

1.00 

Water  gro.und 

2 

183 

0,0 

0.0 

1.00 

Oetarol  A  20 

5 

^11 

lU. 11. 10, 6, 20 

12.2 

1.50 

Oetarol  A  20 

6 

537 

20,11.11.11,18.17 

IU.9 

^    10  applet  each. 


0.    If  feet  of  fungicides  and  Other  Suppl  entente  with  DDT 


Table  III.    Influence  of  Tongioides  and  Other  Supplements  on  the  Sffect 
of  DDT  on  Newly  Hatched  Codling  Moth  Larvae  on  Jonathans. 


Actual  DDT  Number  Percentage  Bstablishment 

in  lb.  per        Supplement  of        Total       In  individual 

100  Imp.  Gal.    per  100  gal.       Tests  l/  Larvae  Tests  Average 


0.25 

None 

I 

8U5 

2,2,3.3.0.2.0.2.0 

1.6 

0.25 

Bordeaux  5-10-100 

555 

15.6.10.16.12.15 

12.3 

0.25 

Coposll  2  lb. 

6 

583 

0.0.1.1.0.0 

0.3 

0.25 

Wet table  sulfur 

10  lb. 

6 

576 

2.3.5.5.11.8 

5.7 

0.25 

Hydra ted  lime  10  lb. 

6 

562 

3.1.1.^.3.3 

2.5 

0.25 

Marcol  HX  oil  1  gal. 
(emols.  %rlth  2  os. 

calcium  caseinate) 

6 

569 

2.2,1,1.0.0 

1.0 

0.25 

Bordeatix  5-10-100 

Marcol  HX  oil  1  gal. 

6 

566 

36.41.16.29,30.17 

27.8 

0.25 

Coposll  2  lb.  +  Mar- 

col HX  oil  1  gal. 

5 

U63 

7,0.0,3,4 

2.8 

None 

Marcol  HX  oil  1  gal. 

6 

46,56,49,64,1+9,48 

52.0 

None 

None 

7 

639 

83.77.92,66,83,71.86 

79.7 

1/    10  apples  each. 
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Heeulte  in  table  3  were  fairly  consi stent  and  Justify  the  following 
conclusions: 

Wet table  sulfur,  Coposil,  and  hydrated  lime  haye  no  appreciable 
effect  on  the  toxicity  of  DDT. 

Bordeaux  reduces  the  toxicity  of  DDT  decidedly. 

doBuner  oil  enulsion  does  not  affect  DDT  edone  or  the  DDT> 
Coposil  combination  but  it  still  farther  reduces  the  efficiency 
of  DDT'Bordeaux. 

Tests  with  DDT  Against  Mature  Codling  Moth  Larvae. 

Matu^'e  codling  moth  larvae  (26  to  3^  P®^  test)  were  rolled  in  pure 
DDT  (Dodge  &  Olcott  Co.).  Oesarol  ▲  Dust  (3^  DDT)  and  Neocid  (10^  DDT  in 
pyrophyllite;  manufactured  by  Geigy  Co.»)  imtil  thoroughly  covered  asd 
then  allowed  to  spin  up  in  corrugated  paper.    All  were  alive  12  days  later. 

Larvae  sprayed  with  Gesarol  A  Spray  10  pounds  per  100  gallons  (0.$ 
pounds  actual  DDT).    All  larvae  were  alive  12  days  later. 

Strips  of  corrugated  i>aper  were  dipped  in  furnace  oil  solutions  of 
DDT  and  dinitrocresol.  Larvae  were  allowed  to  spin  up  in  these  strips  2» 
6«  and  10  days  after  treatment.    Results  are  given  in  table 


Table  17.    Mortality  of  Mature  Codling  Moth  Larvae  in  Paper  Strips  Treated 
with  Oil  Solutions  of  DDT  and  Dinitrocresol. 


Material  per 

Litre 

Larvae 

Percent 

of  Farnace 

Oil 

Placed 

Livinfi 

Dead 

Mortality 

October 

DDT 

20 

ga* 

8 

lU 

20 

59.0 

DDT 

20 

g». 

12 

15 

15 

50.0 

DDT 

20 

gm. 

16 

28 

0 

0.0 

DDT 

10 

gm. 

8 

24 

10 

29.0 

DDT 

10 

gm. 

12 

24 

5 

17.0 

DDT 

10 

gm. 

16 

24 

3 

Ijl.O 

DDT 

5 

gm. 

8 

32 

0 

^.0 

(^.0 

DDT 

5 

gm. 

12 

28 

2 

DDT 

5 

gm. 

16 

26 

2 

7-0 

Dinitrocresol 

20 

gm. 

8 

0 

34 

100.0 

Dinitrocresol 

20 

gm. 

12 

0 

100.0 

Dini trocresol 

20 

gm. 

16 

4 

§ 

87.0 

Dinitrocresol 

10 

gm. 

8 

22 

13 

37.0 

Dinitrocresol 

10 

gm. 

12 

26 

3 

10.0 

Dinitrocresol 

10 

gm. 

16 

28 

1 

3.0 

Dini trocresol 

5 

gm. 

8 

30 

3 

9.0 

Dinitrocresol 

5 

gm. 

12 

28 

2 

7.0 

Dinitrocresol 

5 

gm. 

16 

27 

1 

4.0 
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Larrae  were  dipped  into  Tarlous  mixtures  containing  DDT  until 
thorott^ily  wet,  then  allowed  to  dry  before  being  placed  In  Jars  with 
untreated  corrupted  paper. 

In  the  ease  of  dlbutyl  phthalate  the  DDT  remained  in  solution  In 
this  material*  nAleh  Is  Insoluble. In  water,  and  was  emulsified  with 
Triton  X-IOO. 


Table  V.      Mortality  of  Mattire  Codling  Moth  Larrae  12  Days  after  Treatment. 

(Larrae  Dipped  In  DDT  Mixtures) 


Materials  Per  Litre  of  Diluted  Spray 

LlT- 

Dead 

Percent 
Mortality 

DDT  6  ga.,  Triton  X-100  3  oc**  Acetone  §0  cc. 

8 

11 

58 

DDT  2,k  gm. ,  Triton  Z-100  5  cc..  Acetone  ^0  ec. 

8 

10 

56 

lone     -        Triton  X-100  3  cc.  Acetone  50  cc. 

k 

11 

73 

DDT  6  gm. ,  Triton  X-100,  5  cc,  dlbutyl  phthalate  50  cc9 

10 

53 

DDT  2.U  gm.,  Triton  X.100.  5  cc, 
dlbutyl  phthalate  50  cc 

Ik 

5 

26 

Hone  -  Triton  X-100,  5  cc,  dlbutyl  phthalate  50  cc 

17 

3 

15 

Conclusions 

DDT  is  apparently  much  too  ineffective  to  hare  any  use  in  trunk 
sprays  against  hibernating  larvae • 


B.  I.  du  Pont    de  Nemours  &  Co.,  Inc. 

H.  7.  Diets,  R.  ^tton  and  M.  C.  Swingle,  Orasselli  Chemicals 
Department,  Wilmington,  Delaware. 


CODLIHO  MOTH  TIILD  COHIROL  EgllRIMMTS  -  19UU  -  WOODSIDB,  DELAVfARB 

Source  of  material:    Du  Pont  25  percent  DDT,  both  technical  and  re- 
crystalliied  (105®  C.  m.p,),  containing  a  minimum  quantity  of  other  con- 
ditioning agents,  particle  site  not  over  10  microns. 
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Combination;    With  7BHMATB  fungicide,  1  pound  first  corer, 
followed  1/2:3:100  Bordeaux  In  third,  fourth,  sixth  seventh  and  eighth 
cover.    No  fungicide  in  second  and  fifth  cover. 

Iffects  on  folliMte  and  fruit:    Moderate  mottled,  purple  discolora- 
tion, and  chlorosis  appearing  one  month  before  harvest,  but  not  Increasing 
in  Intensity.    Trait  appearemce  equal  to,  or  better  than  any  other  treat- 
ment.   Very  heavy  preharyest  drop,  probably  due  to  severe  mite  Injury. 

Effect  on  parasites,  and  other  beneficial  Insects:    No  direct  ob- 
servations. 

Influence  on  abundance  of  nltes,  aphids  and  other  Insects:  Very 
heavy,  rapidly  increasing  mite  populations  which  persisted  to  end  of  season. 
Mite  populations  on  lead  arsenate  treatments  and  checks  very  low,  usually 
not  more  than  a  few  mites  per  twig. 

Spray  datejSt    Calyx  (lead  arsenate)  May  8;  Cover  sprays.  May  l^t  22, 
31*  June  9>  19 >  29;  July  10  and  21  (last  spray);  Harvest  dates,  September 
Ik  and  15. 

Codling  moth  activity:    First  emergence  May  8,  continuous  infestation 
of  checks  with  no  break  between  broods.    No  marked  peaks  observed.  Small 
partial  third  brood,  accounting  for  Infestation  in  DDT  treatments. 


CODLINa  MOTH  CONTBOL  WITH         OISPMSIBLB  COMPOSITIONS  -  D1ELAWAS2,  I9UU 

(Eight  Cover  Sprays) 


Percent  Fruits      Worms     Stings  Percent       Percent  Leaves 


Insecticide 
(per  100  gal.) 


per  100  per  100  Dropped   Nor-  In- 
Clean  Wormy  Stung   Fruits    Fruits    Fruits    mal    Jured  Fallen 

1/ 


Eecrystalliaed 


DDT  1  lb. 

96 

3 

1 

2.5 

2 

61 

63 

2k 

13 

Technical  DDT  1  lb. 

90 

7 

3 

9 

k 

72 

32 

Ik 

Lead  Arsenate  3  1^> 

65 

Ik 

21 

20 

38 

36 

39 

50 

11 

Lead  Arsenate  3  1^* 
(plus  1/2  ged.  of 
oil,  in  peak  sprays) 

81 

8 

11 

11 

17 

38 

58 

30 

12 

Untreated 

16 

81 

3 

165 

22 

83 

20 

5^ 

26 

Growers  Lead-oll- 
Bordo 

5^^ 

19 

27 

30 

73 

1/    Mainly  black  rot  infection.    Fungicides  same  in  all  treatments,  as  shown  itbove. 
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Harrest  tlae  Betiduaa  Datermlnad  ty  Total  Cl  Method, 
Bwntlally  >■  CHren  In  1«T.  211.  U.S.D.A. .  In  Cl  Frea  Atmoephera 


Sanple 

Bg./sq. 

CB. 

/erains/lb. 

Crystallised  DDT,  Untreated 

0.026  - 

0.027 

0.053  -  0,0^ 

Cryetalllsed  DDT,  Acid  Washed 

o.oa  - 

0.021 

0.050  -  0.051 

Technical  DDT,  Untreated 

0.022  - 

0.021 

0.051  -  0.050 

Acid  Washed 

O.OlU  - 

0.015 

0.038  -  0.035 

Dry  Brushed 

0.013  - 

0.012 

0.032  -  0.030 

Standard  Oil  Coopany  of  Indiana 


C.  £.  Clereland,  Chicago,  Illinois. 

Toraulations  of  oil  with  and  without  DDT  were  tested  for  the 
control  of  fruit  insects,  including  pear  psylla,  rosy  apple  aphis, 
European  red  aite,  apple  maggot,  smd  codling  moth,  in  Michigan  during 
the  19^  season.    These  tests  and  the  results  are  to  be  reported  in 
summary  form  in  the  near  future  in  the  mimeographed       series  of  the 
Bureau  of  Entomology  emd  Plant  Quarantine. 
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RESULTS  OF  CODLING  MOTH  INVESTIGATIONS,  l^Mk 

Part  II 

Work  Conducted  by  the 
Bureau  of  Entomology  and  Plant  Quarantine, 
Agricultural  Research  Administration, 
U.  S.  Department  of  Agriculture 


This  euminary  represents  the  contribution  of  the  Division  of  Fruit 
Insect  Investigations  of  the  Bureau  of  Entomology  and  Plant  Ciuarantine 
to  the  pool  of  information  on  the  results  of  codling  moth  investigations 
carried  on  during  19^  vhich  has  been  prepared  in  accordance  with  a  re- 
quest made  by  the  Committee  on  the  Codling  Moth  of  the  American  Association 
of  Economic  Entomologists,    As  in  previous  years,  this  is  a  preliminary 
report,  circulated  for  the  information  of  those  interested.    It  is  subject 
to  revision  as  f^irther  review  of  the  data  may  indicate,  and  has  the  status 
of  unpublished  data,  not  subject  to  quotation  without  permission. 

The  work  of  the  Division  of  Fruit  Insect  Investigations  is  carried  on 
cooperatively  with  several  Bureau  and  Department  units,  as  well  as  with  a 
number  of  State  agencies.    The  Division  of  Insecticide  Investigations  has 
continued  to  contribute  to  the  work  reported  herein,  and  joint  field  labora- 
tories are  maintained  at  Yakima,  V/ashington,  and  at  Vincennes,  Indiana. 
The  work  in  West  Virginia  is  carried  on  jointly  by  the  West  Virginia 
Agricultural  Experiment  Station  and  the  Bureau;  the  work  in  New  York  State 
is  carried  on  similarly  with  the  New  York  Agricultural  Experiment  Stations. 
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BELTSTILLB,  MARYLAND 
E.  H.  Siegler,,  In  Charge 

Laboratory  Experiments  with  Insecticides 

Throughout  the  season  of  ISkk,  research  on  insecticides  was 
carried  out  with  newly  .hatched  codling  moth  larvae  from  stock  material 
obtained  in  the  Glassboro  apple  district  of  southern  New  Jersey.  Data 
on  the  effectiveness  of  potential  insecticidal  materials,  alone  or 
combined  with  diluents,  fvingicides,  etc.,  were  obtained  by  means  of 
the  apple-plug  method.    Most  of  the  tests  included  about  100  apple 
plugs,  each  of  which  was  infested  with  a  single  ready- to- hatch  codling 
moth  egg. 

Synthetic  organic  compounds; 

In  the  broad  field  of  synthetic  organic  compounds  there  are  good 
possibilities  of  finding  materials  which  would  have  excellaat  insecticidal 
properties.    This  laboratory  has  therefore  continued  its  search  for 
promising,  substances.    In  the  course  of  these  studies,  certain  of  the 
materials  gave,  in  initial  test^  results  which  were  more  favorable  than 
those  obtained  with  lead  arsenate. 

Insecticides  from  plant  materials. 

A  plant  obtained  from  Mexico  and  identified  as  Erigeron  aff inis 
has  given  evidence  of  promise.    A  petroleum-ether  extractive  of  the  roots, 
used  at  the  dosage  of  k  pounds  of  the  extractive  per  100  gallons  of  the 
carrier,  produced  100  percent  mortality  of  newly  hatched  codliiig  moth 
larvae . 

Extractives  of  seeds  of  the  yam  bean  gave  evidence  of  toxicity, 
but  this  was  lower  than  that  obtained  with  Erigeron  aff inis.    It  is  of 
interest  in  this  connection  that  many  other  species  of  Erigeron  indicated 
no  outstanding  promise.    Included  in  this  category  are:  Erigeron 
divaricatus,  Erigeron  canadensis,  Erigeron  modest us,  and  Erigeron 
diver gens. 

Another  plant  which  also  showe(d  good  promise  was  an  unidentified 
species  of  Ryania.    An  effective  extract  was  obtained  from  its  roots. 
Certain  other  plant  extractives,  which  gave  results  of  about  the  same 
order  of  toxicity  as  lead  arsenate,  were  prepared  from  Delphi nimn  sp., 
Amianthemtm  muscaetoxicum,  Amorpha  fruticosa,  and  Apocynum  cannabium. 

It  should  be  called  to  the  attention  of  the  reader  that  the 
toxicity  of  plant  materials  may  and  frequently  vrill  depend  upon  the 
solvents  employed,  the  part  and  age  of  the  plant  material,  and  other 
factors.    For  example,  when  Trypterygitua  wilf ordii  is  treated  with 
certain  organic  solvents,  effective  extractives  are  obtained;  but 
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when  hot  water  is  lised,  the  extractive  is  much  less  toxic.  The 
following  plants,  althovjgh  listed  herein  as  having  from  fair  to 
little  promise,  might  have  shown  greater  effectiveness  if  they  had 
been  treated  differently:     Schkuhria  abrotanoides.  Helium  mexicanum, 
CocculuB  carolinus,  Pristimera  celastroldes ,  Melinis  minutif lora, 
Senlcio  ehrenbergianus ,  and  Rauwolf ia  hirsuta. 

Compatibility  of  DDT  combined  with  funv'^icides; 

A  few  tests  were  made  of  DDT  admixed  with  pyrophyllite  and 
then  combined  with  fungicides  consisting  of  wettable  sulfur,  iron 
dimethyl  dithiocarbamate  (tank  mixed),  and  lead  dithiocarbamate 
(tank  mixed).    With  respect  to  insecticidal  effectiveness,  DDT 
appeared  to  be  approximately  equally  compatible  with  these  fungicides. 

Field  Tests  of  DDT  with  New  Fungicides 

In  cooperation  with  the  Bureau  of  Plant  Industry,  Soils,  and 
Agricultural  Engineering  tests  vrere  made  to  determine  the  compati- 
bility of  DDT  with  several  new  and  promising  fiingicides,  from  the 
standpoint  of  injury  to  foliage. 

The  spraying  experiments  were  made  in  two  orchards  on  the 
grounds  of  the  cooperating  Bureau  at  Beltsville. 

In  one  orchard  all  trees  were  Delicious  (bud-sport),  10  years 
old.    The  trees  in  the  second  orchard  were  of  different  ages  and 
consisted  of  old  Delicious,  yoxing  Delicious,  Golden  Delicious,  old 
Stayman,  young  Stayman,  and  G^rimes.    Each  tree  received  five  appli- 
cations of  spray  and  approximately  6  gallons  per  application. 

The  DDT  was  used  at  a  strength  of  1,5  pounds  per  100  gallons 
of  s-oray  mixture,  and  had  been  mixed  with  an  equal  quantity  of 
pyrophyllite.    The  following  fungicides  were  included  in  the  various 
soray  mixtures  (poiinds  per  100  gallons):    V/ettable  sulfur,  8;  ferric 
methyl  dithiocarbamate  (tank  mixed)  1.5;  disodiumethylene  bis 
dithiocarbamate  1;  ferric  methyl  dithiocarbamate  (couimercial)*  1.5; 
lead  dimethyl  dithiocarbamate  1;  dichloronaphthoquinone  1;  morpholine 
thi\iram  disulfide  1.5. 

Ko  injury  to  the  trees  from  the  various  treatments  was  apparent. 
There  was  no  appreciable  visible  amount  of  residue  on  the  fruit  at 
harvest  but  this  phase  of  the  problem  is  being  investigated  by  means 
of  chemical  analyses. 

loth  the  apple  crop  and  the  codling  moth  infestation  were  very 
light     and  irregular,  so  the  set-up  was  not  ideal  for  exTjerimental 
purposes.    "Because  of  this  irregularity,  detailed  figures  on  codling 
moth  control  will  not  be  given,  but  the  results  indicated  that  the 
toxicity  of  DDT  (1^—100)  when  combined  with  various  fungicides  com- 
pares favorably  with  that  of  lead  arsenate  ( 3-100)  with  wettable 
sulf  XU"  . 
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Soil  Treatments  with  DDT 

Field  experiments: 

It  was  appreciated, that  the  spraying  of  DDT  in  orchards  would 
produce  an  accumulation  of  the  chemical  in  the  soil.    In  view  of  this, 
a  study  of  the  effect  of  DDT  in  the  soil  "beneath  apple  and  peach 
trees  was  commenced  during  the  past  season  in  cooperation  with  the 
bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering.  Six 
"bearing  Ramho  apple  trees,  9  years  old,  with  a  spread  of  tranches  of 
about  16  feet,  and  2  hearing  Elberta  neach  trees,  10  years  old,  were 
selected  for  the  experiments. 


A  mixture  consisting  of  5  pounds  of  DDT  and  5  pounds  of  sandy 
loam  was  broadcast  on  one  half  of  the  soil  area  beneath  each  tree. 
As  a  check,  the  other  half  of  the  soil  area  beneath  each  tree  was 
left  untreated. 

In  non-beaa:ing  orchards  of  Rome  appl6  treies  (3  years  old)  and 
of  Elberta  peach  trees  (3  years  old),  a  mixture  of  DDT  and  sand  was 
broadcast  in  a  fashion  similar  to  that  described  above.    Three  quan- 
tities of  DDT  were  used,  1,  2,  and  3  pounds,  each  lot  of  which  was 
mixed  with  10  pounds  of  sand  before  it  was  distributed.    Each  of  the 
above  dosages  was  used  on  2  appte  and  2  peach  itrees. 

It  is  too  early  to  determine  what  the  effects  of  these  treatments 
may  be.    Up  to  the  present  time,  no  results  are  noticeable. 

Decomposition  of  DDT  by  fertilizers: 

In  contemplation  of  using  DDT  sprays  in  orchards  and  in 
anticipation  of  the  resulting  scoimulation  of  the  chemical  in  the 
soil,  a  study  was  made  to  deterruine  the  possible  effect  of  fertili- 
zers on  DDT.    The  following  materials  v;ere  furnished  by  the  Bureau 
of  Hant  Industry,  Soils,  and  Agricultural  Engineering:  Ammonim 
sulfate,  manure  salts,  cyanamide,  ammonium  phosphate,  potassium 
sulfate,  "Uramon,  "  s^teamed  bone  meal,  dicalcium  phosphate,  milor- 
ganite,  ammoniated  superphosphate,  double  superphosphate,  sulfate  of 
ootash-magnesia,  potassi\am  chloride,  sodium  nitrate,  ammonium  nitrate, 
<-iad  6  commercial  mixtures  (8-8-8,  3-12-16,  5-IO-5,  k-12-k,  k-lOS, 
and  3-9-6). 

The  chemical  studies,  which  were  conducted  by  the  Division  of 
Insecticide  Investi^:ations  of  the  Bureau  of  Entomology  and  Plant 
Quarantine,  consisted  in  heating  the  fertilizer  material  with  DDT 
at  115-120^0.  for  1  hour,  during  which  time  any  evolved  hydrochloric 
acid  was  absorbed  and  titrated  as  a  measure  of  the  reaction.  Any 
apparently  unchronged  DDT  was  then  separated  from  the  reaction  mixture 
and  examined  for  its  identity.    The  basis  for  this  procedure  is  due 
to  ftie  fact  that  certain  materials  cause  a  catalytic  decomposition  of 
DDT  into  hydrochloric  acid  and  2,2-bis(p-chlorophenyl)-l,l,-dichloro- 
ethylene.    The  latter  has  little  value  as  an  insecticide. 
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The  only  material  which  was  found  to  catalytically  decompose  DDT 
under  the  conditions  of  the  tests  was  dolomitic  limestone.  The 
catalysis  occurred  even  thovigh  the  dolomitic  limestone,  was  slurried 
with  water  aAd  dried  just  prior  to  the  test.    Such  treatment  would  have 
removed  any  catalytic  agents  such  as  anhydrous  ferric  chloride  or 
aluminum  chloride  that  may  have  "been  present, 

L\ires  for  Newly'  Hatched,  Codling  Moth  Larvae 

Tests  of  extracts  of  apple: 

Dhe  Division  of  Insecticide  Investigations  prepared  2k  apple 
extracts,  using  k  solvents  (petroleum  ether,  ether,  chloroform,  and 
ethanol),  for  testing  as  possible  attractants  for  newly  hatched 
codling  moth  larvae.    To  determine  what  ipart  of  the  whole  apple 
contained  the  major  portion  of  the  attractant, -separate  extracts  were 
made  of  the  peel,  flesh,  and  core  of  Home  apples. 

^Two  ml.  of  each  of  the  extracts  were  placed  on  filter  paper  and 
allowed  to  dry  before  testing  in  an  olfactometer  in  which  dry  filter 
paper  was  used  as  a  control.    The  results  of  the  tests  indicated  that 
the  ethanol  extract  contained  a  material  or  materials  attractive  to 
the  larvae.    Petroleum  ether,  ether,  and  chloroform  extracts  gave 
negative  results. 

Having  first  determined  by  means  of  an  olfactometer  that  an 
ethanolic  extract  of  apple  peel  was  especially  attractive  to  larvae, 
other  studies  were  made  to  devise  simpler  means  of  observing  larval 
reactions  to  the  extract  under  other  conditions.    Dne  of  these  pro- 
cedures included  the  use  of  a  round  pane  of  glass,  12  inches  in  diame- 
ter, divided  into  k  equal  sections,    iTear  the  outer  edge  of  each  sec- 
tion a  circle  2  inches  in  diameter  was  drawn.     In  the  center  of  each 
circle  there  was  placed  a  paper  absorption  block  l/2  inch  in  diameter 
and  3/^  inch  high.    One  block  was  treated  with  undiluted  ethanolic 
extract  of  apple  peel,  one  with  ethanol  alone  and  two  blocks  were 
left  untreated.    As  a  result  of  22  tests,  it  was  foiind  that  72  percent 
of  the  larvae  were  attracted  to  the  block  containing  apple-t)eel  extract, 
19  percent  to  the  ethanol- treated  block,  and  5  ^iad.  k  percent s  to  the 
untreated  blocks. 

Miscellaneous  tests: 

In  testing  certain  organic  compounds  and  other  raaterials  as 
possible  attractants  for  newly  hatched  codling  moth  larvae,  five 
different  quantities  of  each  material  wfere  tested,  namely:  12. 5  mg, 
25         50  nig»  100  mg,  and  200  mg.     Two  ml.  of  ethanol  were  used  as 
a  control.    The  following  materials  were  tested:  Thiocyanogen, 
1,2,3,^  tetrahydro  carbazole,  thiophenyl  \irea,  thiodi phenyl,  carba- 
mide chloride,  tetrachlorophenol,  bis(methyl  lactate)  maleate, 
ethoxyethyl  lactate,  bis(allyl  lactate)  citraconate,  k  phenyl  morpholine, 
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alpha  naphthylamlne ,  p-tromo-N-ethyl'benzenesulf onamid.e,  p-tromo-N- 
propyltenzene  sulfonamide,  p-bromo-H-isobutyl'benzene  s\ilfonamide, 
p-bromo-N-ajnylbenzene  sulfonamide,  bromo-N-benzyl'b^nzen.e  sulfonamide, 
i+-phenylmorpholiAe ,  H-isobutylbenzamide,  H-butyllaur amide,  benzamide, 
p-chlorophenoxyacetic  acid,  ^(p-metiioxy-alpha-thiotol\jyl)morpholine , 
p-bromo-jff-(p-chlorophenyl)-*benzene sulfonamide,  p-bromo-K-(o-chlorophenyl)- 
benzenesulf onamide,  o-chlorophenoxyacetic  acid,  p-hydroxyacetophenone, 
and  an  ethanolic  extract  of  apple  peel. 

With  the  exception  of  ethanolic  extract  of  apple  peel,  none  of 
the  materials  was  attractive,      4-Phenyl  morpholine  proved  to  be  very 
toxic  to  the  larvae. 

Tests  of  artificial  flavors; 

All  materials  were  used  in  an  olfactometer  at  the  rate  of  0.02 
nil.    Three  controls  were  used—apple,  dry  paper,  and  moisture.  The 
synthetic  flavors  were  pear,  crab  apple,  peach,  peach  bud,  cherry,  plum, 
grapefruit,  orange,  lemon,  mint,  raisin,  lime,  apricot  bud,  quince, 
xaaple,  cinnamon,  orange  flower,  brandy,  wine,  and  champagne.    None  of 
the  artificial  flavors  proved  attractive.     In  all  cases  the  apple  was 
more  attractive  than  the  other  controls  and  more  of  the  larvae  were 
attracted  to  moisture  than  to  dry  paper. 


POUGHKEEPSIE,  M  YORK 

P.  J.  Chaiaaan  and  J.  L.  Brann,  Jr,,  Kew  York  Agricultural 
Experiment  Station,,  and  D.  W.  Hamilton,  Bureau  of  Entomology 
and  Plant  Quarantine,  Agricultural  Research  Administration,, 
U.  S,  Department  of  Agrictilture 

These  investigations  were  carried  on  jointly  by  the  Bureau  of 
Entomology  and  Plant  Quarantine  and  the  Hew  York  Agricultural 
Experiment  Station  at  the  Hudson  Valley  Eruit  Investigations 
Laboratory,  Poughkeepsie,  H.  Y. 


Seasonal  Developments 

Mortality  to  overwintering  codling  moth  larvae  for  l^k^-Uh 
under  paper-burlap  bands  in  orchards  throughout  the  Hudson  River 
Valley  was  only  k,3  percent.      la  19^2-^3  similar  counts  showed  a 
mortality  of  S2.5  percent.    In  general,  weather  conditions  during 
the  growing  season  were  favorable  for  codling  moth  development, 
although  June  temperatures  were  slightly  below  average  and  rainfall 
above  average.     Injury  throughout  the  Hudson  Valley  in  19^+4  was  the 
most  severe  ever  recorded.    The  main  reasons  for  this  increase, 
listed  in  order  of  their  importance,  are: 

1.    Low  winter  mortality,  excellent  emergence  and  oviposit  ion 
conditions  during  early  spring  flight.  May  18- June  2,  ;ind  good  entry 
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weather  for  newly  hatched  IsLrvae  late  in  June  and  early  in  July.  The 
season  was  slightly  wolon^ed,  unusually  warm,  and  atnoriaally  dry. 
Weather  for  second- "brood  development  was  ideal. 

2.    There  was  an  at)normally  high  spring  population  of  moths, 
because  of  a  heavy  build-up  in  I9U3  from  a  light  carryover  the  previous 
season. 


3.    Codling  moth  injury  has  been  gradually  increasing  In  the 
Hudson  Valley  area  for  the  past  10  to  I5  years.    This  is  probably  due 
primarily  to  increase  in  mean  temperatxares  and  decrease  in  rainfall. 
There  may  also  have  been  a  gradual  building  up  of  arsenical  resistant 
codling  moth  strains.    There  has  been  an  increase  in  the  number  of 
mature  trees  of  so-called  soft  varieties,  such  as  Mcintosh  and 
Gortlajid,  that  favor  rapid  codling  moth  increases.    These  larger  trees 
are  difficult  to  spray  properly  and  afford  excellent  hibernation 
quarters  for  mature  larvae. 

TABLE  1.  -  Meteorological  Data  -  May-August,  19^^+  -  Poughkeepsie ,  xl.  Y. 


Data  Recorded 

Temperature 
Mean 

Deviation  of  mean  (I937-I9M+) 

Maximum 

Minimum 

Sunset  mean 

No,  days  sunset  below  60°P. 


May      June      July  August 


Sk.O 

67,6 

7^.0 

71.^ 

-0.3 

*1.9 

+1.1+ 

90 

92 

9^ 

97 

3S 

kS 

55 

1^6 

6I+.8 

67.3 

73.5 

73.6 

7 

3 

0 

0 

Erecipltation 

Total  (inches) 
No,  days  occurred 
Deviation  (1937-19^) 


1.77      5.78      ^.09  2,61 
9        15        11  10 
-2.02    41,00    -0.62  -0.95 


Pupation  of  codling  moth  larvae  began  May  1  as  compared  with 
May  7  in  19^3*    Moths  were  first  taken  in  bait  traps  Kay  I9  as  com- 
■oared  to  May  2^  for  19^3*    First  entries  were  found  at  Poughkeepsie 
June  3         Kinderhook  June  k,  as  compared  to  June  8  and  12  for  the 
same  localities  in  19^+3 »  indicating  that  temperatures  throughout  the 
Hudson  Valley  were  more  uniform  and  somewhat  advanced  when  compared 
to  the  previous  season.    Mature  larvae  began  leaving  the  fruit 
June  30*    Second  brood  adults  began  emerging  in  the  insectary  July  11, 
and  first  brood  adults  began  coming  to  bait  traps  in  orchards  in 
large  enough  numbers  to  reflect  increases  in  captures  by  July  22. 
Second  brood  injury  increased  to  the  extent  where  r)rotection  by  sprays 
was  desirable  from  J\ily  2h  to  Aii-mst  U,  the  variation  depending  UTDOn 
the  location  of  the  orchard  ajid  extent  of  first  brood  control  obtained. 
Peak  flights  of  moths  as  measured  by  bait  trap  captxires  occurred 
May  29-J\ine  2,  August  2--k,  and  Auu^ust  9-12,    V/eekly  records  of  injury 
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as  determined  by  the  removal  of  injvired  apples  from  two  tinsprayed 
trees  in  the  Kinderhook  area  are  coinpared  with  similar  records  from 
the  same  orchard  for  19^3       Table  2.    The  percent  of  second  brood 
injury  recorded  is  less  than  that  normally  occurring  due  to  the  de- 
crease in  the  number  of  fruit  present  on  the  trees  in  Ayigust, 

TABLE  2o-  Codling  Moth  Injury  by  Weeks.  Kinderhook,  N.  Y.  Agricultural 
JiiXperiment  Station  Orchard 


2  Mcintosh  Trees  191^3-19^+4 


19^3 

!  19kk 

Percent  of 

Percent  of 

Date 

Ho.  In- 

Injury 

.  Date 

No.  In 

Injxiry 

Jilxamined 

juries 

Stings 

Examined 

juries 

Stings 

June  12 

First  entry  fotand 

1  June  1+ 

First 

entry  found 

June  18 

251 

27.1 

!  June  9 

13 1+ 

20.9 

June  26 

335 

35.5 

'  June  16 

362 

38.1 

July  2 

350 

J+7.1 

I  June  23 

^5 

31.3 

July  9 

1^7 

l+i+.9 

June  30 

1+99 

20.1+ 

July  16 

206 

1+5.6 

'  July  7 

560 

17.0 

July  23 

86 

39.5 

July  Ik 

3kl 

17.3 

July  30 

173 

2k,S 

•  July  21 

123 

18.7 

Augus  t  5 

52U 

5.5 

July  28 

^3 

3^.9 

AUf^ust  13 

1+79 

7.7 

August  k 

78 

7.7 

August  20 

279 

7.9 

August  11 

170 

5.3 

August  27 

311 

9.0 

August  18 

'11 

10.9 

September  2 

123 

8.1 

August  25 

3.6 

September  11 

113 

6.2 

September  1 

53 

20.8 

'  September  8 

1+2 

16.7 

Field  Tests  of  Insecticides 

Spray  experiments  -  full- season; 

Twenty  spray  schedules  were  compared  on  randomized  single-tree 
plots,  replicated  four  times  in  the  Kinderhook  area.    Medium- sized 
Mcintosh  trees,  well  pruned,  located,  on  level  ground,  were  used  for 
these  tests.    The  same  orchard  was  used  as  in  19^3         sua  examination 
of  the  19^3  results  will  shov;  the  initial  infestation  present  in  this 
orchard.    Codling  moth  injury  in  this  locality  has  been  severe  for 
the  past  decade. 

All  plots  except  number  1  received  early  season  sprays  consisting 
of  a  calyx  and  a  curculio  application,  each  containing  3  pounds  of 
lead  arsenate  and  1  pound  of  lime  per  100  gallons  and  a  special  scab 
ap-dication  using  1  pint  of  lauryl  isoquinolinium  bromide  (Isothan  0,-15) 
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per  100  gallons.    Micronized  sulfvir  was  included  in  the  calyx, 
curculio,  and  first  cover  applications  at  the  rate  of. 6  pounds  per 
100  gallons  on  all  plots.    Generally  6  cover  sprays  were  applied  for 
codling  moth  protection.    The  first  k  were  timed  against  first-hrood 
worm  activity  and  the  last  2  against  second-brood  worm  attack,  A 
third  second-brood  cover  should  probably  have  been  applied  to  all 
except  the  DDT  plots  for  maximum  protection  and  efficiency.  The 
dates  on  which  applications  were  made  and  the  amount  of  rainfall 
occurring  between  applications  follow. 

Dates  of  Application  Rainfall  (Inches) 


Calyx 

-  May  17 

Curculio 

-  May  27 

0.36 

Ist  cover 

-  June  6-7 

1.23 

Special  scab 

-  June  15 

  (Not  recorded) 

2nd  cover 

-  June  16 

1.27 

3rd  cover 

-  June  27 

2.70 

kth  cover 

-  July  6 

0.25 

5th  cover 

-  August  2-3 

k,3k  (Bt.  broods) 

6th  cover 

-  August  lU-15 

0.50 

August  15-31 

1.51^ 

Total 

12.79 

Treatments  tested  and  results  obtained  are  shown  in  Table  3»  Schedules 
have  been  grouped  so  that  similar  materials  may  be  readily  compared. 
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TABLE  3  -  Codling  Moth  Spray  Experiments  -  N.I.S.  Orchard,  Kinderhook,  N.Y.  - 

Variety  -  Mcintosh 


Plot 


X • Number: per : 

Apples : Apples I :  100  apples  : 
per    :  clean  :  :  : 

tree  :Percent;Worms  ;Stings; 


Harvest 

residues 
Gr.  per  lb, 
fruit 


10 
19 


2 
3 


:0      :  No  insecticides 
Lead  Arsenate 
1-2  :  LA  3  lbs.,  L  1  lb. 

* 

1-6  :  LA  3  lb.,  L  1  lb.  2  ozs.  B- 
1956  in  3-6  covs. 


DDT 

1-6  :  DDT,  2  lb. 

1-6  :  DDT,  U  lb. 

1-2  :  LA  3  lb.,  L  1  lb. 


1306  :  25.8    :165.2  :  26.2  : 


.001  Ae203 
.002  Pb. 


:  14A5  : 


1578  :  65.0 


79.7 
12.3 


^5.5 


1737 
U87 


92.8 
96.7 


2.7 
0.5 


5.8 
2.7 


17 
16 
18 


8 

9 

7 


:3-6  ! 

DDT  4.  lb.  ! 

!  2243 

\   92.9  ! 

!    1.8  :    6.4  : 

Phenothiazine 

:  1-6:  Pheno  1  lb.,  kero.  2  qts.  3 
:       :  BA  8  ozs.  : 

•  • 

1 

!  1893  i 

\   l^Jl  ! 

!  18.5 

>  < 

\    9.-4  1 

:  1-6:  Pheno  2  lb.,  kero. 2  qts.  i 
:       :  BA  8  ozs.  : 

!  1580  . 

\  83.5  \ 

;  16.7 

\    1.1  : 

*  • 

:  l-4.::Pheno  2  lb.,  kero  2  qts.  ! 
:        :  BA  8  ozs.  ! 
:5-6  :  NS  1/2  pt.  oU-B1956-2  qts. 

\  1285  ! 

!  7-4.6  i 

{  22.3  . 

V  10.7  : 

Nicotine  (1-2  covs.  LA  3  lbs,  L  1  lb.) 

:3-6  : 

NS  1/2  pt.  Bent.  3  lbs.  1 
oil-B1956-2  qts. 

\  w  \ 

!  83.-i  \ 

!      9.0  J 

\  12.1  : 

!3-6  i 

!  NS  1/2  pt.  oil-B1956-2qts. 

\  124.8  J 

!  i 

!  79.8  < 

\  i 
!   10.1  1 

\  17.6  : 

I3-6  i 

!  NS  1/2  pt.  oU  2  qts.  BA  8  ozs. 

\  2075  \ 

\  72.2  :! 

1  20.1  ) 

1  22.3  : 

13-6 

:  N-Bent.  1  1/2  lb.  oil  -  B1956  : 
!                                      2  qts. 

\  72.1  ! 

!    U.8  ! 

!  19.2  : 

i3-6 

:  ERRL-N-oil  5  lbs.  Oleic  800  cc: 

s  Na-car  1  l/U  lb.  Deo-base  oil  ! 

1/2  pt.  ! 

1682  1 

72.3  J 

21.4.  : 

:  : 

• 

19.2  ! 

:  .009 

AS2O3 

:  .021 

Pb. 

\  .09A 

AS2O3 

:  .191 

Pb. 

:  .044 

DDT 

:  .075 

DDT 

:  .072 

DDT 
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Plot: Covers! 


Materials 
(Amounts  per  100  gal.) 


:            :    Number  per  :  Harvest  o/ 
{Apples: Apples  :      100  apples: residues 
per    :  clean  :           :           :Gr.  per  lb. 
tree  : percent;  Worms: Stings; fruit  


Nicotine 
20    :3-6  : 

Oil  (1-2 
15    :3-6  : 

Xanthone 
12    :3-6  I 


(1-2  GOVS.  LA  3  lbs.  L  1    lb.)  Continued 

Prop.  Nic.  1  pt.,  oil  2  qts.:    879  :  67.7  :  29.5  :  23.0 

GOVS.  LA  3  lbs.,  L  1  lb.) 

0il-B1956  2  qts.  :  1829  :  62.8  :  49.7  :  28.9 
(1-2  GOVS.  LA  3  lbs.  L  1  lb.) 


Xanthone  1  1/2  lb.  Additives: 

A  6  ozs.,  B  2  ozs.  :  2147 


78.6    :  11.8  :  24.1 


Combined  (Non-wash  Schedules) 


13 


U 


1-2 
3,5-6 


1 

2 

3-ni 

5-6 


LA  3  lbs.,  L  1  lb.,  NS  l/2  pt 
N-Bent.  1  1/2  lb.,  oil- 

B-1956  2  qts. 
LA  3  lbs.  BI956  2  ozs. 

N-Bent.  3  lbs. 

LA  3  lbs.  N3  1/2  pt.  L  1  lb. 
LA  3  lbs.  L  1  lb.B1956-2  ozs 
N-Bent.  1  1/2  lb.,oil-B1956 

2  qts._ 


.011  A^07 
.024  Pb. 


i  U96i 

'  76.7  i 

!  12.7  I 

!  21.0  . 

\  .019  AS2O3 
!  .041  Pb. 

1141  ! 

i  74.3  ! 

\    13.0  ! 

:  26.0  . 

\  .020  AS2O3 
!  .043  Pb. 

1/    LA  =  lead  arsenate,  L  =  lime,  DDT  =    50%  DDT  (Geigy  GNB-A-DDT)  diluted 
with  5056  Pyrophyllite  (Pyrax  ABB)  and  Micronized,  Pheno  =  Phenothiazine 
Micronized,  kero  =  kerosene,  BA  =  Blood  albumin  (actual  blood  2 5%  of 
total  amovint  ) ,  NS  =  nicotine  sulfate,  oil-B1956  -  No.  875  summer  mineral 
oil  containing  1  percent  of  B1956,  B1956  =  a  proprietary  oil  soluble 
spreader  principally  pthalic  glyceryl  alkyl  resin.  Bent  =  Mississippi 
bentonite,  N-Bent.  =  Proprietary  nicotine  bentonite  containing 
14  percent  nicotine,  ERRL-N-oil  =  nicotine  copper  fatty  acid  in 
Prorex  C  mineral  oil  prepared  by  Eastern  Regional  Research  Laboratory 
as  oil  soluble  nicotine  compound  type  no.  44,  nicotine  content  8.1 
percent.  Oleic  =  oleic  acid,  Na-car  =  sodium  carbonate,  Prop.  nic.  = 
proprietary  nicotine  oil  material  containing  nicotine  alkaloid. 
Additives  A  and  B  =  proprietary  spreaders  and  stickers. 

2/  Arsenic  and  lead  analyses  by  A.  W.  Avens,  Division  of  Chemipstry,  New 
York  Agricultural  Experiment  Station. 

DDT  analyses  by  Division  of  Insecticides,  U.  S.  Bureau  of  Entomology 
and  Plant  Quarantine. 


A  6-cover  lead  arsenate  program  was  included  for  purr>oses  of 
comparison,  although  repeated  analyses  nave  inoicatfed  that  3  cover 
sprays  of  lead  arsenate,  applied  not  later  than  July  20,  are  all  that 
can  "be  used  without  exceeding  the  tolerances  of  lead  and  arsenic  on 
harvested  fruit.    Control  obtained  with  lead  arsenate  schedtiles  was 
trie  lowest  of  any  season  on,  record.     Six  covers  were  less  effective 
than  k  covers  were  during  I936  and  1S37«    One  pound  of  lime  used  at 
this  low  dosage  throughout  the  season  for  the  first  time  did  not  prevent 
arsenical  injiory  on  the  foliage  completely. 

Tested  for  the  first  time,  DDI'  gave  outstanding  results,  ^arly 
laooratory  tests  indicated  that  DDT  concentrate  (Geigy's  GICB-A-DDT)  was 
coarse  and  granular  and  no  practical  method  could  De  found  for  wetting 
this  material  or  getting  the  particles  divided  and  suspended  in  the 
spray  tank.    The  DDT  used  was  mixed  with  equal  parts  of  pyrophyllite 
and  micronized.    This  material  went  into  suspension  when  thorotighly 
agitated  and  was  used  in  conjunction  with  wettable  sulfur  in  the  first 
cover  spray.    A  heavy,  white,  hlotchy  residue  formed  on  the  fruit  and 
foliage  after  spraying  and  harvested  fruit  had  excessive  visitle  resi- 
due -oresent  on  it.     One  qxiart  of  soy'bean  oil  added  to  the  ahove  formu- 
lation, in  late-season  pear  psylla  tests  masked  the  residue  without 
causing  foliage  injury.    Prior  to  August  I5,  foliage  on  DDT- sprayed 
trees  seemed  dark  green.    Ey  Sex;tember  1  the  foliage  on  DDT-sprayed  trees 
seemed  to  ce  an  off  sliade  yellow  although  the  trees  maintained  their 
leaves  up  to  the  normal  time  of  dropping.    Red  mites  were  not  a  problem 
in  the  orchard  used  for  codling  moth  tests  although  they  were  present 
in  aaall  niters.    Visual  examinations  indicated  that  the  red  mite 
po-oulations  on  the  DDT-sprayed  trees  were  no  greater  than  on  those 
sprayed  with  lead  arsenate  or  nicotine  and  oil,  and  somewhat  less  than 
those  on  the  unsrtrayed  trees. 

Since  phenothiazine  is  the  only  non-arsenical  tested  at  this 
laboratory  otjrjer  than  DDT  that  has  offered  possibilities  of  controlling 
both  codling  moth  and  apple  maggot,  further  testing  of  this  material 
seems  warranted.    Visible  residues  on  the  fruit  at  harvest  were  not 
considered  excessive  and  the  foliage  was  free  from  injury. 

In  nicotine  bentonite  plot  5  visible  residues  at  harvest  were 
somevhat  excessive  and  the  coloring  of  the  fruit  was  mottled  due  to 
the  bentonite  -oresent.    Because  of  the  poor  finish,  this  spray  Is 
unsatisfactory  for  use  in  this  locality  except  on  apples  used  by  the 
carxneries.    Limited  amounts  of  sulfur-oil  injury  occurred  on  all  trees 
receiving  oil-nicotine  sprajrs,  even  though  the  sulfur  preceded  oil 
a-nplications  by  20  days.    This  time  interval  should  be  extended. 
Sulfur-oil  injury  on  plot  20  was  severe.    Plot  6  received  a  new 
material  containing  a  nicotine  oil  soluble  copper  salt,  comDOunded  by 
the  Eastern  Regional  Research  laboratory .     Copper  russet  appeared  on 
99  percent  of  the  fruit,  usually  at  the  point  of  run-off.  Nicotine 
cuprous  cyanide  as  compounded  by  the  Eastern  Regional  Research  Labora- 
tory russetted  the  fruit  so  severely  that  its  use  was  discontinued 
after  miiking  two  applications. 
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Plot  13  is  the  present  recommended  spray  schedule  for  the  heavily 
Infested  codling  moth  and  lightly  infested  apple  maggot  orchards  in 
this  locality.    This  program  in  average  years,  properly  applied,  has 
resulted  in  90  to  95  percent  clean  fruit,  tut  in  the  heavy  infestation 
of  this  season  only  gave  76.7  percent  clean  fruit.    The  combined 
nicotine-lead  arsenate-oil  program  tested  in  plot  ik  was  prepared  for 
orchards  having  both  severe  apple  maggot  and  codling  moth  problems, 
lead  arsenate  being  applied  at  the  period  when  apple  maggot  emergence 
Is  the  greatest.    Control  of  codling  moth  compared  favorably  with  that 
obtained  with  the  recommended  schedule. 

Second-brood  tests  with  DDT  sprays; 

Limited  field  tests  were  made  with  a  special  DDT-synthetic  oil 
emulsion,  manufactured  by  the  Naxagatuck  Chemical  Company.    This  emulsion 
contained  11  percent  actual  DDT.    It  was  readily  mixed  in  the  spray 
tank,  did  not  leave  any  visible  residue  on  the  fruit  or  foliage,  and 
did  not-  injure  the  fruit  or  foliage.    The  orchard  used  was  the  same  as 
that  u»ed  for  the  other  spray  tests,  with  all  plots  replicated  k  times, 
but  the  number  of  fruit  per  tree  was  less  as  all  trees  with  a  full  crop 
had  been  selected  for  the  first  20  schedules.    Control  figures  are 
shown  in  Table  k. 


Table  k.  -  Second  Brood  Codling  Moth  Spray  Experiments  -  N.Y.S.  Orchard, 
Kinderhook,  N.  Y.  -  Variety:  Mcintosh 


Plot! 

Covers, 

Materials^ 

Apples: 

Apples 

'  Number  per 
100  apples 

Harvest  . 
residues  — ' 

(Amounts  per  100 

gallons)  ! 

.  •  per  ! 
tree  : 

clean 

■percent. 

Worms 

.Stings 

Grr.per  lb. 
fruit 

31  - 

1-1+  i 

UL  3  lb.,  L  1  lb,, 
BI956,  2  oz.  in  ! 
!      3rd  &  1+th  covers  i 

U90  I 

55.2 

75-2 

1  60.7 

0.033  AS2O3 
0.073  i^. 

26 

•  5-6 

Same  as  for  3^ 
'  DDT-syn.  oil  1  qt.  . 

1119  1 

63.5 

•  11.1 

i  45.1  ' 

27 

I  5-6 

> 

Same  as  for  3^  • 
I  DDT-syn.  oil  2  qt.  i 

•    732  i 

•  67.6 

'  8.1 

\  1+6.0  . 

1/  DDT-syn.  oil  ■  a  proprietary  DDT-synthetic  oil  emulsion  prepared  by 
the  Naugatuck  Chemical  Company,  containing  11.7  percent  DDT. 


2/  Analyses  by  A.  W.  Avens,  ^Division  of  Chemistry,  New  York  Agricultural 
Experiment  Station. 
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DuBting  experiment B  °  full  sestson  replleated  plots; 

Eight  different  dust  programs  were  tested,  on  the  Cortland 
variety.    The  first  6  were  applied  to  8  trees  in  each  of  2  half  rows. 
Plot  7  consisted  of  only  12  trees,  in  one  row.    Plot  8  consisted  of 
k  trees  only,  due  to  the  scarcity  of  DDT,  and  infestation  records 
were  taken  on  all  h,    A  Niagara  cyclone  duster  was  used,  the  trees 
"being  dusted  from  hot^  sides  during  each  application.    Eight  appli- 
cations of  dust  were  made,  5  ^'or  control  of  the  first  iDrood,  and  3 
for  the  second.    During  the  first  trood,  applications  were  made  ^ust 
after  daytreak  while  the  foliage  was  damp  and  wind  velocities  were 
at  a  minimum.    Second-trood  dusts  were^  applied  just  "before  dark  while 
the  foliage  was  dry,  to  prevent  "build-up  of  visible  residue  just  prior 
to  harvest.    The  morning  applications  seemed  to  "be  the  more  desira"ble. 
The  amount  of  material  used  at  each  application  varied,  "but  averaged 
a"bout  3  pounds  for  medium  sized  trees, 
I 

The  dates  when  the  dusts  were  applied  and  the  record  of  the 
rainfall  that  occurred  "between  applications  follow: 

Rainfall  since 
preceding  dusting 
( Inches) 


0.l6 
1.19 
2.71 
0.63 


2.76 
0.^*3 
0.00 

0.70 

Total  .  g.58 

The  dust  plots  were  separated;  from  each  other  "by  two  rows  sprayed 
by  the  grower  with  modern  equipment,  with  single  nozzle  guns.  Four 
cover  sprays  v;ere  applied  against  the  first  "brood,  on  May  "^l-Jyme  1, 
June  5,  12,  and  22,  and  J\xly  I-3.    Inr  addition,  a  spiscial  application 
was  made  to  the  inside  of  the  tree  June  5«    One  application  was  made 
against  the  second  brood  July  3I- August  1.    The  first  2  cover  sprays 
contained  (per  100  gallons)  lead  arsenate  3  po^^is,  hydrated  lime  3 
pounds,  nicotine  sulfate  (UO^)  1/2  pint.    Sxilfur,  U  pounds,  was  also 
included  in  the  first  cover  spray.    A  special  inside  spray  emd  the 
fourth  cover  spray  incluaed  lead  arsenate  3  pounds,  lime  3  pounds.  The 
third  and  fifth  cover  sprays  consisted  of  a  commercial  nicotine  ben- 
tonite  11/2  pounds,  and  oil  emulsion  (83'^  oil)  2  l/U  qxiarts.  The 
sprayed  trees  received  approximately  I5  gallons  per  tree  at  each 
application. 


Cover  Date 
Application 


First  Brood 

1 

June  3 

2 

June  10 

J\ine  IS 

I 

June  26 

5 

July  5 

Second  Brood 

6 

July  31 

7 

Aug.  7 

8 

Aug.  15 

Sept.  k 
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Hlcronlsed  sulfur  was  used  in  all  dtuit  Blxtures  except  the  one 
oontaiaia^  DDI.    The  phenotblasine  was  also  nloronised.    The  nicotine 
bentonlte  eentalned  l4  percent  of  nieetiae.l/The  oil  used  In  certain 
Blxtures  had  a  Tiscesltjr  of  100. 

Infestation  records  were  taken  on  3  trees  froa  each  half-rov 
(except  in  plots  7        8)«  Mkia^  a  total  of  6  trees  per  plot.  Record 
trees  were  paired  with  count  trees  in  an  adjacent  sprayed  row. 

Detailed  inforaation  on  the  sj^ray  and  dust  schediUes  tested  and 
the  results  obtained  are  giren  in  Table  5* 


Table  3.^  -  Comparison  of  Tarious  Codling  Moth  Dust  Schedules  with 

Growers'  Standard  Spray  Schedule.    Poughkeepsie ,  N.  T. ,  l^kk 


Treataoat 

: Cover 

tArerage 

:Hufflber 

* 

:  Clean 

:Per  100 

apples 

:  Sprays 

i Apples 
tPer  tree 

J  Pruit 

Woras 

1 

:  Stings 

(Dust  figures  la  percent) 

• 
e 

: Percent: 

1. 

L.A.  20,  sulfur 
Sprayed 

80 

:  1-8 

: 

:  2035 

> 

f  5o.l 
:  76.0 

59.4 
23.6 

:  34.4 
i  lb. 2 

2. 

L*A.  20,  sulflar 
Sprayed 

78.  oil  2 

i  1-8 

J  1845 

:  2056 
• 

1 

1  1695 
1  2553 

I  68.1 
!  78.1 

1 

• 

34.4 
18. 7 

!  ^4.9 

:  20.2 

3- 

L.A.  20,  sulfur 
beat.  10,  oil 
L.A.  20,  sulfur 
Sprayed 

68,  nic. 

2  1 
78,  oil-g  ) 

1 

!l-3.6»7 
t  »^•5.8 

t 

1  74.6 

i  82.9 

• 

I 
{ 

• 
• 

• 

21.9 
14.0 

t 

:  22.2 
i  12.0 

4. 

L.A.  20,  sulfur 
bent.  10,  oil 
L.A.  20,  sulfur 

Sprayed 

58,  nic.  j 
2,  liao  10  i 
78,  oil  2  i 

t 

1-3.6.7 
4,5.8 

:  i 
:    2465  . 

; 

!  75.1 
8O.7 

0 

: 
; 
: 
t 

t 

22.0 
21.1 

t  20.3 
!  IH.O 

5. 

L.A.  20,  sulfur 
bent.  20,  oil 
L.A.  20,  sulfur 
Sprayed 

58,  nic. 

2  I 
80.  oil  2  i 

\ 

1-3.6.7 
4,5.« 

\  , 

!     2090  1 
I     1659  i 

75.6 

81. 5 

0 

• 
e 

• 
• 

• 
• 

17.4  : 

17.8  . 

24.8 
11.8 

6. 

Phono.  20,  sulfur  78,  oil  2j 
Phono.  20,  sulfur  80  1 
Sprayed 

1-6  i 
7.«  1 

:  ] 
i 

30O8  J 
2258  \ 

k  4 

82.5 
82.9 

1 

24.5  1 
12.7  ! 

5.7 
11.6 

7. 

L.A.  20,  sulfur  3^,  ale.  i 
bent.  20,  oil  2 
(proprietary  mixture) 
L.A.  20  sulfur  78.  oil  2  : 
Sprayed  : 

1 

1-3.6,71 
4,5,8  ! 

t  1 

J 

t  : 

! 

'    2001  : 
2248  : 

64.5 
78.6 

J 

36.4  1 

14. 5  : 

31.1 
14.9 

8. 

DDT  5,  pyrophylllte  95 
Sprayed  : 

1-8  i 

.    2267  J 
2647  : 

84.7 
81. 5 

10.8  : 
13.1  : 

10.7 
l»».3 

1 1  Black- leaf  I55. 
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Tlie  5  percent  DDT  dust  was  the  most  efficient,  and  the  apples 
receiving  it  had  fewer  worms  per  lOG  and  more  clean  fruit  than  the 
fruit  receiving  the  grower's  spray  treatment.    Discrepancies  between 
the  control  obtained  in  Plots  5         7  are  unaccounted  for  since  the 
"basic  formulations  of  the  dusts  were  similar. 

Lead  and  arsenic  analyses  by  A.  W.  Avens,  Division  of  Oheml,stry, 
Hew  York  Agricultural  Experiment  Station,  showed  the  following  residues 
(in  grains  per  pound)  at  harvest:    Sprayed  fruit,  A82O3-  .OO7  to  ,012, 
Pb.-  .019  to  .028;  dusted  fruit,  A82O3-  .OO7  to  .018,  Pb.-  .017  to  .0^1. 
The  DDT  residues  were  .OO7  grain  per  pound,  according  to  analyses  made 
by  the  Division  of  Insecticide  Investigations,  Bureau  of  jSntomology  and 
Plant  (Quarantine,  Eeltsville,  Md. 

Conclusions  of  experiments  with  dusts,  based  on  3  years'  experience 
are?    Dusts  are  still  considered  as  in  the  experimental  stage  and  should 
not  be  recoirunended  for  replacing  the  spray  program  in  heavy  codling  moth 
infestations.    They  can  be  successfully  used  in  light  infestations.  In 
heavy  infestations,  dusts  may  be  used  as  supplements  to  the  spray  pro- 
gram, as  they  can  be  applied  rapidly  and  reduce  labor.    The  efficiency 
of  lead  arsenate  dusts  is  improved  by  the  use  of  oil  as  a  sticker. 
Processed  nicotine  bentonite  added  to  oil-lead  dusts  improves  the  ef- 
ficiency of  such  dusts  and  increases  control  in  proportion  to  the  amount 
used.    Phenothia7,ine  used  at  20  percent  offered  some  possibility  as  a 
dust  and  does  not  leave  too  much  visible  residue  on  the  fruit  at  harvest. 
Preliminary  tests  warrant  the  further  testing'  of  phenothiazine,  in 
combination  with  lead  arsenate.    Sulfur  is  not  an  ideal  carrier  for 
insecticides  in  dust  form  and  its  use  should  be  avoided  after  scab  is 
controlled,  as  sulfur  causes  cheek  scald  to  fruit,  especially  when  oil 
is  included  in  the  formxilations  as  a  sticker.     Sulfxir-oil  dusts  also 
cause  sulfur-oil  injury  to  the  foliage,    Sulfvir  was  used  during  the  19^^ 
season  so  that  the  19^3  and  19^^  results  would  be  comparable. 

Evidence  that  adult  moths  are  killed  when  contacted  by  dusts 
containing  nicotine  bentonite,  and  nicotine  bentonite  with  lime  was 
obtained  by  placing  moths  in  screened  cages  in  the  trees  prior  to 
dusting  and  taking  mortality  counts  28  hours  later.    Tne  average  mor- 
tality in  cages  in  trees  sprayed  with  lead  arsenate,  witha:  without 
oil,  was  27  percent;  in  trees  dusted  with  lead  arsenate.,  oil  and  nico- 
tine bentonite,  JO  percent;  and  in  trees  receiving  a  similar  nicotine 
bentonite  dust  with  10  percent  of  ,|.iii:e,  85  percent. 

First-brood  suppression  dust  program: 

An  attempt  to  suppress  first-brood  codling  moth  to  an  extent 
where  second-brood  protection  would  not  be  needed  was  made  in  an 
isolated  block  containing  I70  trees.    Methods  and  dates  of  application 
were  similar  to  those  described  for  the  replicated  plots,  a  total  of 
5  covers  being  applied  during  first-brood  activity  without  any  second- 
brood  applications.    The  dust  used  consisted  of  lead  arsenate  20 
percent,  nicotine  bentonite  20  percent,  oil  2  percent,  lime  20  percent, 
and  sulfur  }S  percent  in  3  covers  during  peak  moth  flight,  aid  lead 
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arsenate  20  percent,  oil  2  percent,  sulfur       percent  in  the  last  2 
covers  when  moths  were  not  so  active,  'The  number  of  worms  per  100  was 
36.2  for  the  Mcintosh  and  27.1  for  the  Cortland.    The  number  of  stings 
for  the  two  varieties  was  17.5  s.nd  19.9»    This  control  is  poor  com- 
pared with  that  obtained  with  the  better  dusts  in  the  full-season  tests. 
Injury  was  hard  to  find  at  the  end  of  first-brood  activity,  and  had 
second-brood  dusts  been  applied,  gooa  control  would  probably  have  oeen 
maintained  throughout  the  season. 

During  the  first-brcod  period  the  captures  of  moths  in  5^8-1* 
traps  in  the  dusted  blocks  dropped  to  a  low  point  compared  with  t-hose 
in  a  nearby  sprayed  block,  which  confirms  the  results  obtained  with 
caged  moths.    It  is  evident  that  applications  of  lead  arsenate-nicotine 
bentonite-lime  dusts  reduce  the  niimber  of  female  mothe  present  within 
the  orchard. 

Laboratory  Tests  with  Dormant  Larvicidal  Sprays 

Sections  of  rough  barked  apple  wood  8  inches  long  and  U-6  inches 
in  diameter  infested  with  30  codling  moth  larvae  were  sprayed  May  1 
and  2  with  dormant  larvicides,  for  the  purpose  of  killing  the  larvae 
prior  to  the  time  of  adult  emergence.    Mortality  counts  were  made 
May  23  and  29.    Bach  material  was  applied  to  3  log  sections  with  a 
paint  type  sprayer  using  h2  pounds  pressure  and  exposing  the  log  to 
the  spray,  on  a  turntable,  for  2  minutes  in  the  insectary. 

The  materials  tested  werenot  considered  effective  eno\3gh  to  warrant 
testing  under  field  conditions ,  and  detailed  results  will  not  be  given. 
It  may  be  of  interest  that  DDT  in  Deobase  oil  (emulsified),  applied 
to  the  logs  either  before  or  after  the  worms  had  spun  cocoons,  had 
little  effect  on  them. 

Drop  Pick-up  Studies 

Investigations  relating  to  the  number  of  larvae  removed  by  picking 
up  Mcintosh  drops  at  1-  and  approximately  f-day  intervals,  prior  to 
harvest,  were  made  on  single  trees.    About  36  percent  of  the  larvae 
were  recovered  from  apples  picked  up  at  weekly  intervals  late  in 
August  and  the  first  few  days  in  September.    The  percent  recovery 
dropped  somewhat  with  later  pick-ups.    Since  many  of  the  worms  present 
were  lost  in  the  cutting  or  rearing  processes  used,  it  is  believed 
that  the  actual  number  of  worms  present  was  greater  than  that  indicated. 
The  second-brood  worms  drilled  to  the  care  within  a  few  days  after 
entering  the  fruit,  and  were  still  small,  and  immature  when  the  apples 
dropped.    The  picking  up  of  drop  apples  at  weekly  intervals  under 
Mcintosh  trees  in  19^  woTild  have  helped  reduce  the  overwintering 
infestations  of  larvae.    The  value  of  picking  up  drops  other  than 
Mcintosh  is  questionable,  since  other  varieties  remain  on  the  trees 
a  longer  interval  after  the  larvae  enter  the  core. 
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Bait  Trap  Experiments 

In  a  Latin-square  arrangement,  where  5  different  types  of 
baits  or  traps  were  compared,  the  standard  double  quart  glass  trap, 
using  oil  sassafras  1/2  cc.  per  quart  and  No,  13  brown  isugar,  1  pound 
per  gallon,  bait  captured  more  moths  during  the  first-brood  period 
than  the  same  type  of  traps  and  bait  with  the  traps  painted  yellow 
or  white.     Sodium  benzoate  added  to  the  bait  after  fermentation  had 
started  reduced  fermentation  and  prolonged  the  time  such  baits  were 
effective  from  20  days  to  65  days,  making  it  necessary  to  change  such 
baits  only  once  during  the  season.    Results  during  the  second-brood 
period  comparing  unpainted  glass  traps  and  yellow  glass  traps  and 
standard  baits  with  baits  to  which  sodium  benzoate  had  been  added 
duplicated  those  obtained  in  the  first-brood  tests. 

Standard  pear  psylla  traps  using  the  principle  of  a  sticky 
substance  covering  yellow  5"  x  10"  pieces  of  board  (described  by 
G-eorge  H.  Kaloostian  and  Manning  S.  Yeomans,  circular  ET-220  - 
"A  Sticky  Trap  Board  Used  in  Scouting  for  Pear  Psylla"),  did  not 
capture  a  single  moth  when  used  in  the  second-brood  series.  Similar 
results  with  this  trap  were  secured  with  oriental  fruit  moths  in  a 
peach  orchard.    When  pint  jars  of  oil  sassafras- siigar  bait  were  sus- 
pended at  the  bottom  of  each  trap  a  few  codling  moths  were  captured, 
Lepidoptera  do  not  adhere  readily  to  these  traps  as  the  scales  on 
these  insects  peel  off  and  allow  these  insects  to  free  themselves. 
Observations  further  indicated  that  night-flying  insects  are  not 
generally  captured  by  these  traps. 

Apple  Maggot  Investigations,  Poughkeepsie ,  M.  Y,,  I9UU 

E.  V.  Dean,  New  York  Agricultural  Experiment  Station,  Division 
of  Entomology,  in  cooperation  with  the  U.  S.  Department  of 
Agriculture,  Agricultiiral  Research  Administration,  Bureau  of 
Entomology  and  Plant  Quarantine,  Division  of  Fruit  Insect 
Investigations. 

In  the  standard  apple  spray  schedule  for  eastern  New  York,  lead 
arsenate  is  used  in  the  first,  second,  and  fotirth  cover'  sprays,  the 
latter  two  corresponding  to  the  first  and  second  maggot  sprays.  In 
some  seasons,  the  first  maggot  sprd,y  may  more  nearly  correspond  to  the 
third  cover  spray,  an  application  in  which  nicotine,  with  or  without 
oil,  is  empioyea.    Since  nicotine  is  not  effective  in  controxiing 
apple  maggot,  increased  infestations  may  result  at  such  times.  The 
first  cover  spray  is  applied  some  time  before  fly  emergence  starts, 
hence  a  material  ineffective  against  the  maggot  but  effective  against 
codling  moth  could,  theoretically,  be  used  in  this  application.  Such 
a  program  was  tested  in  19^i  using  3  pounds  of  fixed  nicotine  plus  a 
sulfur  fungicide  in  the  first  cover  spray  and  3  pounds  of  lead  arsenate 
plus  fungicide  in  the  second,  third,  and  fourth  cover  sprays.  The 
19^3  infestation  in  the  test  orchard  was  96.6  percent.    It  was  reduced 
to  Ul.O  percent  in  19^^.  which  is  not  an  impressive  redurtlon  for  a 
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heavy  lead  arsenate  schedule.     It  may  be  explained,  in  part,  by  the 
orchard  surYoxan dings  which  permitted  'fly  migration  between  apple  trees 
and  bordering  woodlands.    Also,  the  numbers  of  punctures  per  fruit 
were  considerably  less  in  19^  than  during  the  previous  season,  so 
that  the  reduction  in  maggot  injury  was  somewhat  greater  than  is 
indicated  by  the  percentage  of  infested  fruit.    One  difficulty  arising 
from  the  use  of  this  modified  schedule  is  the  reduction  in  plum  cur- 
culio  control  resulting,  from  the  substitution  of  nicotine  for  lead 
arsenate  in  the  first  cover  spray.     In  another  orchard,  where  lead 
arsenate  was  employed  In  the  calyx  ai^d  curculio  sprays,  and  fixed 
nicotine  in  the  first  cover  spray,  curctilio  cpntrol  was  82,8  percent 
as  conpared  to  87*9  percent  where  lead  arsenate  was  used  in  all  three 
sprays. 

One  application  on  June  23  of  SDT-Fyrophyllite  1:1  at  the  rate 
of  2  pounds  in  100  gallons  did  not  control  apple  maggot.    In  19^3 i 
average  infestation  in  this  planting  was  10.3  percent.     In  I9UU  it  was 
35. U  percent.    An  unsprayed  check  tree  averaged  26.3  percent  injury 
in  19Hl^. 

Two  applications  of  DDT-Pyrophyllite  1:1  at  the  rate  of  2  po\mds 
in  100  gallons  on  June  22  and  July  1^  reduced  an  infestation,  estimated 
at  100  percent  in  19*^3 .  to  25.3  percent  in  I9W+.    Both  DDT  spray  pro- 
grams included  micronized  wettable  sulfur  at  the  rate  of  5  pounds  in 
100  gallons.    There  was  no  evidence  of  injury  resulting  from  the  use 
of  DDT. 

Micronized  phenothiazine  2  pounds  in  100  gallons,  plus  micronized 
wettable  sulfur,  was  applied  twice,  on  June  23  and  July  1^,  to  part 
of  a  prune  orchard  which  was  reported  to  be  infested  by  apple  maggot, 
Att  average  of  0.01^9  maggots  per  fruit  was  reared  from  the  crop  from 
9  trees.    Since  previous  infestations  were  not  measured,  no  estimate 
of  the  degree  of  control  can  be  made. 
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YAKIMA,  WASHINGTON 

E.  J.  Newcomer,  In  Charge  (Fruit  Insect  Investigations) , 
and  W.  E.  Westlake  (Insecticide  Investigations) 


Seasonal  Conditions 

The  vdnter  of  1943-4  was  somewhat  warmer  than  normal  and  there 
was  no  mortality  of  codling  moth  larvae  on  account  of  it.    The  spring 
was  about  normal  and  somewhat  cooler  than  that  of  1943,  and  blooming 
of  apples  and  application  of  the  calyx  spray  were  about  a  week  later 
than  in  1943.    The  summer  was  somewhat  above  normal  and  from  September 
4  to  12,.  inclusive,  maximum  temperatures  ranged  from  90  to  98**.  Ihis 
allowed  the  codling  moth  to  be  active  until  the  middle  of  the  month. 

Five  baits  in  the  Rome  orchard  used  for  spraying  experiments  have 
caught  the  following  numbers  of  moths  in  the  last  six  years; 

1939  -    44,153  1942    -  20,227 

1940  -    38,160  1943    -  29,009 

1941  -    28,678  1944    -  40,745 

These  fluctuations  have  been  caused  by  vairiabions  in  the  infes- 
tation and  in  the  length  of  the  season. 

Biological  Studies 

Moth  emergence  and  egg  deposition.    Moths  from,  overwintering 

larvae  began  to  emerge  April 
28,  the  peak  occurred  May  29-31,  an^  emergence  continued  until  the 
third  week  of  July,  at  which  time  first-brood  moths  were  appearing. 
This  brood  reached  a  maximum  during  the  first  half  of  August,  and  by 
the  middle  of  September  practically  all  of  the  moths  had  emerged. 

Egg  deposition  first  occurred  about  I;iay  13,  and  gradually 
increased  until  reaching  a  pesLk  during  the  first  week  of  Jime.  Eggs 
were  deposited  throughout  the  svtmmer  and  a  second  peak  was  reached 
late  in  August. 

Larval  development.    The  first  3a  rval  injury  to  fruit  was  found 

Liay  25,  and  the  peak  of  injury  for  the  first 
brood  was  reached  during  the  third  week  of  June.     The  number  of 
injuries  to  fruit  gradually  increased  during  July  and  in  August  and 
early  September  numerous  new  injuries  occurred.    Ivlature  larvae  began 
leaving  the  fruit  during  the  last  week  of  Jime  and  the  largest  numbers 
of  first-brood  larvae  were  found  in  bands  the  last  ten  days  of  July. 
I'laximum  numbers  of  second-brood  larvae  entered  the  bands  at  the  end 
of  September. 


\ 
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Orchard  Spraying  Experiments 

Spraying  experiments  were  made  in  two  orchards  ij.i  1944.    One  of 
these  was  a  'Rome  orchard  which  has  been  used  for  a  rnomber  of  years, 
and  in  wiiich  two  sets  of  experiments,  designated  A  and  B,  were  made. 
Ttie  other  one  was  primarily  a  Y/inesap  orchard,  but  it  also  contained 
some  Jonathan  and  Delicious  apple  trees  and  some  Bartlett  pear  trees 
which  were  used  for  some  tests  witli  DDT.     The  Rome  orchard  is  over  20 
years  old  and  it  had  a  somewhat  irregular  crop  averaging  10  boxes  to 
the  tree.    The  infestation  was  heavier  than  in  1943.     The  Yfinesap  orchard 
was  older  and  had  a  fairly  uniform  crop  averaging  13  boxes  to  the  tree, 
and  the  infestation  was  similar  to  that  in  the  Rome  orchard.  Single- 
tree plots  were  used,  replicated  8  tim.es  in  each  orchard.    ?rom  each 
tree  random  samples  of  250  apples  were  taken  at  harvest,  including  both 
picked  and  dropped  fruit. 

A  calyx  and  six  cover  sprays  were  applied  in  each  orchard  as 
follows*; 


Spray 

]      Rome  orchard 

* 

*Vi/inesap  orchard 

Calyx 

Hay  10-12 

Liay  8-9 

1st  cover 

May  23-25 

Lay  20-22 

2d  cover 

Jxane  1-5 

Kay  29-31 

3d  cover 

June  13-15 

June  10«12 

4th  cover 

Jtme  27-29 

June  23-24 

5th  cover 

July  21-25 

July  19-21 

6th  cover 

Aug.  11-15 

Aug.  9-10 

Deposit  analyses  for  each  major  treatment  were  made  on  the  Romes 
and  "^.Yinesaps  before  and  after  the  second  to  sixth  cover  sprays,  in- 
clusive, with  a  few  exceptions,  and  the  averages  of  these  are  shown 
in  table  1. 

Table  1.-  Average  spray  residues  expressed  in  micrograms  per 
square  centimeter.     Yakima,  Wash.,  19^^ 


Treatmenti/ : 

Rome 

:  Wine 

sap 

Residue  : 

Before  : 

After 

:     Before  : 

After 

sprajr  : 

spray 

:     spray  : 

spr.t.y 

1 
2 

A8203 

DDT  L' 
XanthoneZ' 

16.8 
3.8 

38.8 
7.H 

13.9 
U.l 

27.5 
12.8 

I 

6.G 

50.9 

3.8 

27.0 

Nicotine 

3-3 

7.0 

2.0 

5.1 

5 

Nicotine 

3.2 

6.2 

3.0 

5.8 
6U.1 

6 

Fluorine 

23. k 

73.1 

27.0 

7 

Fluorine 

26.2 

60.9 

22.1 

50.1 

8 

Fluorine 

20.5 

ho. 8 

1/  See  table  2  for  details  of  treatment. 
2/  Averages  are  for  fifth  and  sixth  cover  sprays  only. 
^/  Averages  are  for  third  to  sixth  cover  sprays.     Nicotine  used  in 
first  two  cover  sprays. 
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The  analyses  wore  inade  by  ViT.  E,  Yfestlake,  Division  of  Insecticide 
Investigations,  Bureau  of  Entomology  and  Plant  Quarantine.    Five  trees 
were  sampled  for  each  treatment  through  the  fourth  cover  spray  but 
only  three  trees  f6r  each  treatment  were  sampled  before  and  after  the 
fifth  and  sixth  cover  sprays.     The  samples  were  taken  by  clipping  25 
apples  at  random  from  all  parts  of  a  tree  and  allov/ing  them  to  fall 
into  a  tared  container* 

Each  sample  was  prepared  for  chemical  analysis  by  adding  a 
measured  amount  of  solvent  to  the  container,  turning  the  jar  end-over- 
end  in  a  rotating  machine  for  5  minutes  and  pouring  off  a  portion  of 
the  solution  for  analysis.    Six  percent  sodium  hydroxide  was  used  as 
the  solvent  for  lead  arsenate,  0,5  percent  sodium,  hydroxide  for 
nicotine,  toluene  for  xanthone,  benzene  for  DDT  and  hydrochloric  acid 
(one  part  concentrated  HCl  to  nine  parts  of  water)  plus  chloroform  for 
fluorine  residues. 

Arsenic  was  determined  by  the  method  entitled  "Sxtension  of  the 
Rapid  Volumetric  Micro  Llethod  for  Detorming  Arsenic",  by  C,  C.  Cassil, 
J.A.O.A.C.  XXIV,  llo,  1,  p.  196  (1941).    IJicotine  was  determined  by 
the  colorimetric  method  of  L.  IJ.  Liarkwood  described  in  J.A.O.A.C. 
XXII,  lo.  2,  p.  427  (1S39),  xanthone  by  the  colorim.'etric  method 
developed  by  Cassil  and  Hansen  and  fluorine  by  a  zirconium-purpurin  titra 
tion  procedure  developed  by  the  Food  and  Drug  Administration.     DDT  was 
determined  by  the  method  of  Tiunther  in  which  is  utilized  the  reaction 
whereby  one  mol.  of  HCl  is  split  from  each  mol.  of  DDT  upon  treatm.ent 
with  dilute  alkali.    A  photoelectric  photometer  was  used  to  read  color 
density  in  the  colo rime trie  methods  employed  for  nicotine  and  xanthone. 

The  average  deposits  of  AS2O2  and  of  fluorine  were  similar  to 
those  of  1943,  and  the  residue  from  the  1^%  cryolite  was  somewhat  less 
than  from,  the  95;:'  cryolite.    The  deposit  of  xanthone  varied  more,  a 
greater  percentage  being  lost  between  applications.     The  deposits  of 
nicotine  were  som.ewhat  less  than  in  1943,  and  there  was  not  very  much 
difference  between  the  tivo  nicotines  used. 

The  results  of  the  field  spraying  experiments  are  given  in  table 
2,  and  the  average  number  of  apples  per  box  is  given  in  table  3. 
There  was  in  general  a  som.ewhat  greater  percentage  of  infested  fruit 
in  the  Rome  orchard  than  in  1943  due  in  part  at  least  to  a  lighter 
and  less  uniform  crop.     The  uinesap  orchard  developed  a  fairly  high 
infestation  although  in  1943  it  had  had  practically  a  total  crop 
failure. 

In  la  the  3cl  and  4th  cover  sprays  ^vere  delayed  5  and  12  days, 
respectively,  in  order  to  more  evenly  bridge  the  gap  that  has  custom- 
arily occurred  between  the  cover  sprays  for  the  first  and  second 
broods,  and  while  tliis  did  not  significantly  improve  the  control  it 
also  didnot  increase  theinfe station. 
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Table  3»-  Size  of  apples  resulting  from  different  spray  treatments. 
Yakima,  V;ash,,  1944. 


Plot] 

,  .1/ 
Treatmenti/ 

;i  Sizeb  (ave 

.  number 

aotDlex 

DOT  box) 

t  Bome  A  s 

Rome  B 

/inesar) 

jJona  than 

1 

Lead  arsenate  3  lbs*. 

81 

78 

123 

1311/ 

la 
2 

Do 

DDT  1/2  lb. 

74 
9^ 

- 

"  4/ 
1333/ 

■  4/ 
1343/ 

S 

Xajithone  2  lbs. 

8p 

85 

145 

4 

Nicotine-bentonite,  1- 

-5 

82' 

90 

151 

5 

Hicotine-bentonite,  1- 

-7.5 

81  ' 

95 

138 

6 

Cryolite  (90$^)  3  lbs. 

86 

91 

144 

7 

Cryolite  (75^)  3  lbs. 

85 

98 

145 

8 
9 

Sodium  fluosilicate  3 
DDT  1  lb. 

lbs. 

1473/ 

10 

DDT  1/2  lb  .  -mineral  < 

oil  1  qt. 

11 

DDT  1  lb.  mineral  oil 

1  qt. 

1/  Pbr  details  of  treatment,  see  table  2. 
2/  Three  trees  only. 
3/  Two  trees  only. 
4/  One  tree  only. 


The  use  of  DDT  at  l/2  lb.  to  100  e;als.,  mixed  with  Pyrax  (2), 
resulted  in  the  cleanest  fruit,  although  the  difference  between  this 
and  lead  arsenate  (l),  cryolite  (6  and  7)  or  xanthone  (3)  was  not 
significant.    It  is  interesting  to  note  that  the  ratio  of  total  in- 
juries to  worms  is  not  particularly  different  with  DDT  than  with 
lead  arsenate  or  cryolite.    Other  treatments  using  DDT  on  one  to 
three  trees  each  consisted  of  the  same  mixture  as  in  2  with  the 
addition  of  1  quart  of  mineral  oil  emulsion  each  time,  and  of  twice 
the  quantity  of  DDT  and  Pyrax  (that  is,.  1  lb.  of  DDT  to  100  gals.) 
with  and  without  the  oil  em^llsion.    On  account  of  the  small  number  of 
trees  and  a  light  crop  on  some  of  them,  nothing  definite  can  b6  s.ald 
about  thtse  variations  in  treatment  as  far  as  control  goes,  although 
the  use  6f  3  lbs.  of  DDT  resulted  in  fewer  worms  (3  to  9>)  and  the 
addition  of  mineral  oil  apparently  reduced  the  Infestation  somewhat. 

A  serious  infestation  of  the  pacific  Mlte  (Tetranychus  pacif icus 
McG-.)  developed  late  in  July  in  all  of  the  trees  sprayed  with  DDT, 
even  in  those  where  1  quart  of  mineral  oil  was  added.    This  was  evi- 
dently due  to  interference  with  the  development  of  the  ladybird 
predator  (Stethorua),  although  considerable  numbers  of  this  ladybird 
did  develop  and  maintain  themselves  successfully  on  the  trees  sprayed 
with  DDT.    Later  on  the  Seius  mite  developed  and  practically  wiped  out 
the  Tetranychus  infestation  on  many  trees,  although  not  lontil  after 
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much  damage  had  been  done.    The  Aphe linns  parasite  of  the  woolly 
apple  ar^hid  vas  also  interfered  with  and  a  very  heavy  infestation 
of  this  aphid  developed  in  Au.^!:ust  and  September  in  all  of  the  trees 
sprayed  with  DDT.    On  the  other  hand,  in  the  Wineaap  orchard,  tne 
rose  leafhopper  (Typhlocyha  rosae  L.)  was  almost  entirely  aosent  from 
the  trees  sprayed  with  DDT  although  comnon  in  the  adjoining  trees  not 
so  sprayed. 

The  folia^^e  of  the  apple  trees  swayed  with  DDT  tecame  crowned 
or  bronzed  from  the  feeding  of  the  Pacific  Mite,  suid  some  dead  areas 
developed  on  many  of  the  leaves  which  appeared  to  be  caused  by  the 
insecticide  rather  than  "by  the  mites.     Similar  dead  areas  also  de- 
veloped on  leaves  of  Bartlett  pear  trees  sprayed  with  DDT,  although 
there  vrere  very  few  mites  on  these  trees.    No  difference  in  these 
effects  was  observed  from  the  different  treatments  of  DDT,    Many  of 
the  apple  leaves  dropped  prematurely,  and  about  half  of  the  croo  also 
dropped  prematurely  from  Delicious  and  Jonath'kn  trees  sprayed  with 
DDT.    This  drop  did  not  occxir  on  Rome  or  Winesap  ap-oles  or  on 
Bartlett  -Dears.    Nearly  all  of  the  apples  sprayed  with  DDT  v;ere 
smaller  than  those  sprayed  with  lead  arsenate,  but  this  may  have  teen 
due  entirely  to  the  infestati,on  of  mites.    These  fi^cures  have  little 
significance,  however,  as  with  the  exception  of  plot  2  in  the  Romes, 
the  number  of  trees  sprayed  with  DDT  was  too  small  to  give  de-oendable 
results. 

Preliminary  experiments  were  carried  on  with  the  removal  of 
residues  of  DDT.    The  standard  washihg  solutions  were  comr)aratively 
ineffective.    A  maximum  removal  of  appro aximately  oO  -'ercent  of  the 
DDT  spray  residue  was  accomplished  by  using  2  percent  oil  in  water 
fpllowed  by  a  wash  in  a  wetting  agent  to  remove  residual  oil. 

Xanthone  used  at  2  lbs.  (3)  in  a  simpler  formula  than  that  used 
in  19^2,  v/hich  resulted  in  more  fluctuation  of  deposit,  resulted  in 
about  the  same  percentage  of  vrormy  fruit  and  in  noticeably  less  stung 
fruit  than  lead  arsenate.     In  two  cases;  (Rome  E  and  Winesap  orchards) 
the  'percentage  of  injured  fruit  was  significantly  less.    The  infes- 
tation of  mites  was  also  less  than  in  trees  sprayed  with  other 
materials.    These  results  agree  with  those  of  previous  years.  All 
things  considered  the  xanthone  gave  the  best  results  of  any  material 
used.     No  injury  of  any  sort  developed,  although  it  cannot  be  used 
for  the  first  two  s-orays  on  Jonathans  and  yellow  apples  as  it  has  a 
tendency  to  russet  them.    The  deposit  Is  less  conspicuous  than  from 
I'iiost  of  the  other  materials. 
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-."icotine  cetitonite  at  1-5  had  given  good  results  in  19^3» 
although  the  deposit  v;as  rather  heavy  aiid  conspicuous,  and  it  was 
thdught  that  a  1-7.5  mixture  might  te  less  noticeable  and  just  as 
effective.    This  was  used  in  5  ^^nd  compared  with  the  1-5  mixture  in 
k.    The  1-7*5  Jifixture  s;ave  atout  the  same  control  as  the  1-5  mixture, 
loth  of  them  resulted  in  somewhat  less  wormy  fruit  and  somewhat  less 
stung  fruit  than  lead  arsenate,  but  only  in  the  case  of  the  total 
injured  fruit  from  the  l-7«5  mixture  on  Winesaps  was  the  difference 
significant.    The  percentage  of  wormy  fruit  on  Homes  was  significantly 
greater  than  from  1/2  lb,  of  DDT,     The  deposit  from  the  1-7-5  mixture 
was  practically  the  same  as  that  from  the  1-5  mixture. 

As  in  19^3»  cryolite  (b  and  f),i;Ave  results  comparable  to  lead 
arsenate,  and  there  was  no  r3articular  difference  between  the  75/^ 
and  the  90/°  material.     There  is  a  tendency  for  cryolite  to  result  in 
more  stings,  except  in  the  heavier  infestations.     In  19^3 »  sodium 
fluosilicate  was  tried  on  a  couple  of  trees  with  good  results.  It 
was  therefore  used  on  an  S-tree  plot  in  19^^-  (g).    The  results  were 
very  poor,  however,  the  fluoride  deposit  being  less  than  from  cryo- 
lite, and  there  was  some  foliage  injury.     In  view  of  these  results 
and  the  evidence  riresented  at  the  fluorine  tolerance  hearing  in  June 
indicating  that  sodium  fluosilicate  residues  would  be  much  more 
dangerous  to  human  beings  than  cryolite,  there  seems  to  be  no  use  in 
testing  this  material  further. 

Dusting  Experimeats 

Four  applications  of  DDT-Pyrax  dust  were  made  with  a  small  power 
duster,  using  two  medium  sized  apple  trees  each  for  a  yjt>  and  a  G-/o 
dust.    The  dust  was  -prepared  by  mixing  two  parts  of  Pyrax  and  one 
■oart  of  DDT  in  a  ball  mill  and  then  further  diluting  the  mixture  with 
Pyrax  to  the  desired  concentration.    About  3  pounds  of  dust  v;ere  .put 
on  each  tree  each  time.    On  June  21,  after  the  four  aprjlications  had 
been  made,  200  apples  were  examined  on  each  tree  and  1.5:^  sjad  2,5i*' 
of  the  fruit  was  found  to  be  worm  injured  on  the  trees  dusted  with 
3%  and  6/<3  dust,  respectively.    At  this  time  not  over  0,570  of  the 
fruit  was  injured  on  trees  sprayed  with  DDT.    The  power  duster  used 
was  too  small  to  do  a  good  job  and  it  is  possible  that  if  this  dust 
could  be  thoroughly  spplied,  it  would  be  very  effective. 

Tarpaulins  were  spread  unde^  one  tree  of  each  dust  treatment 
before  the  first  application  was  made  and  left  until  after  the  third 
application.    Only  one  dead  codling  moth  was  fo\ind  on  the  tar-oaulins 
during  this  oeriod,  although  other  Insects,  including  several  s-necies 
of  ladybird  beetles,  lacev/ing  flies,  lygus  bugs,  flies,  and  a  few 
aphids  were  ^cilled. 
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Use  of  Sprays  to  Kill  Hibernating  Codling  Ivloth  Larvae  on  Trunks 

Large  scale  orchard  tests  were  made  in  three  orchards  in  1S44. 
Sprays  were  applied  March  14-31,  using  a  regular  portable  gasoline- 
power  sprayer,  with  one  exception,  with  the  pressure  reduced  to  about 
175  to  200  pounds.    Eight-foot  spray  rods  eqiiipped  with  bordeavix-type 
nozzles  were  used  except  in  one  part  of  one  orchard  v/here  comparison 
was  made  with  spray  guns.    Approximately  4-l/2  to  5  gallons  of  spr&.y 
was  used  per  tree.    As  usual  an  attempt  was  made  to  cover  the  trunks 
and  most  of  the  rough  bark  part  of  the  scaffold  limbs.  Examinations 
for  kill  were  made  about  2  weeks  after  sprajring. 

The  "]Peg^ilar  formula"  was  used  in  all  three  orchards,  except 
that  in  one  the  spray  concentrate  which  had  been  prepared  with  acetone 
had  turned  black  in  the  iron  container  but  was  used  nevertheless  for 
both  the  "regular"  and  'Modified"  formulas  before  it  v/as  decided  to 
discard  it.     The  "revised"  or  modified  formula  was  used  in  two  orchards, 
The  two  formulas  are  shown  below.       ifA  ;. 


Quan titles  per  100  gallons 

4,6  -Dinitro-ortho-cresol     .  .  •  •  •  1  I 

Stove  oil  

Emulsifier:  Tergitol  7   

Penetrant:  Ethylene  glycol  monobutyl  etlaer 
and  Trichloro ethylene  ... 


Regular 
f o  rmula 


4  lbs. 
10  gals. 
4  pts. 
1.5  gal s . 
1.5  gals. 


Ferric 
chloride 


Revi  s  ed 
f o  rmula 


3  lbs. 
15  gals. 
1/2  pt. 


3.78  grams 


In  1S43  the  sprays  were  prepared  in  the  orchard  by  dissolving  the 
dinitro  compound  by  heating.     This  year  the  toxicant  vra-s  dissolved  by 
agitation  in  acetone  and  this  concentrate  taken  to  the  orchard  v/here 
the  other  ingredients  were  added. 

Although  62  to  65  percent  of  the  oven-dntering  larvae  were  killed 
by  the  spoiled  dinitro  spray  in  orchards  no  significant  reduction  com- 
pared with  the  check  plot  in  the  moth  population  was  shown  either  for 
the  spring  brood  or  for  the  -vriiole  season,  and  the  reduction  in  percent 
of  wormy  hai^Ooted  fruit  was  not  significantly  different  from  the  rate 
of  redu«tion  in  the  check  as  compared  with  1943. 

In  orchard  B,  one-half  of  which  was  sprayed  v;ith  the  regular 
formula,  using  the  grower's  large  stationary  outfit,  a  kill  of  88;.i  was 
obtained.    Here  evidently  there  v;as  a  reduction  in  moth  population  or 
there  was  considerable  migration  from  the  sprayed  plot  into  the  check 
because  the  original  overv/intering  population  was  111  worms  per  tree 
in  the  sprayed  plot  and  only  46  in  the  check  or  2.4  times  as  many. 
V/hile  the  bait  pot  catch  was  only  1.1  times  as  many,  indicating  a 
reduction  of  54.5/^  at  harvest,  this  apparent  reduction  showed  its 
effect  in  that  the  check  plot  averaged  5»Z%  wormy  conpared  with  8.1/c 
in  the  sprayed  plot,  whereas  there  should  have  been  an  expected  1Z»6% 
wormy  based  upon  the  ratio  of  overwintering  population  in  the  two 

plots.    It  is  apparent,  however,  that  with  such  a  handicap  at  the 
start  of  the  test  the  88/0  kill  of  the  trunk  spray  was  not  sufficient 
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to  overcome  the  difference  and  make  the  sprayed  plot  cleaner  than  the 
cl^eck.     In  orchard  G,  which  was  sprayed  one-half  with  the  regular 
formula  and  one-half  v/ith  the  revised  formula,  the  kill  was  95  and  56%, 
respectively.     In  this  set-up  the  portable  'sprayer  was  used  as  a 
stationary,  and  there  appeared  to  be  considerable  variation  in  the  spray 
solution  of  the  revised  formula-  from  time  to  time  as  it  went  on  the 
trees,     ^his  may  account,  in  part  at  least,  for  the  poor  kill.  At 
blossom,  time  practically  all  of  the  crop  was  killed  by  frost  except  in 
one  small  high  corner  and  even  there  the  crop  Tfreis  only  about  l/lO  of 
last  year.    IIo  harvest  counts  of  course  were  made. 

Due  to  the  lack  of  an  ideal  set-up  with  uniform  population  distri- 
bution throughout  the  orchard,  and  to  the  apparent  necessity  for  a 
check  which  reinfests  the  treated  plot,  the  full  value  of  the  trunk 
spray  has  not  yet  been  conclusively  demonstrated. 

Test  of  Paradichlorobenzene  to  Kill  Overwintering  Larvae 
in  the  Soil  at  tlie  Base  of  Apple  Trees. 

Continuing  tests  made  annually  for  a  n\imber'  of  years,  paradichloro- 
benzene crystals  at  l/2,  1,  l-l/S  end  2  ounces  per  tree,  placed  in  the 
soil  at  the  base        infesten  apple  trees,  again  showed  almost  complete 
kills  of  98  to  100%,  respectively.  (See  Jour.  Eoon.  Ent,  37:  448-50  for 
previous  work.) 

Test  of  Repellent  Against  Mature  Larvae 

Preliminary  tests  were  Jiiade  to  test  the  phytocidal  action  of  the 
best  pyrethrum-cottonseed  oil  repellent  developed  in  previous  years: 
Pyrethrum  extract  5/a,  cottonseed  oil  lO^'a,  blood  albumen  emulsifier 
6  gw.,  water  to  malce  10  gallons.     This  formula,  previously  tested 
impi-egnated  in  corn.igated  paper  bands,  proved  highly  repellent  to  full 
grov.Ti  codling  m.oth  larvae.     (For  previous  work  see  Jour,  Econ.  Ent. 
37  (probably  Oct.  IJo . . ) )     'Hiis  fonT.ula  ivas  used  as  a  spray  and  applied 
T/ith  a  bucket  pump  on  June  28  to  the  trunks  and  scaffold  limbs  of  5 
large,  bsarixig  apple  trees.     Pnis  proved  injurious  to  fruit  and  foliage, 
but  no  injury  was  apparent  to  the  bark  of  tiie  trunk  and  limbs.  All 
buds  hit  were  killed,  end  most  of  tlie  sprouts  and  twigs  were  defoliated. 
The  fev:  apples  hit  were  specked  by  the  oil  in  the  spray. 

It  is  apparent  that  at  the  concentr^abicn  used  it  would  be  unsafe 
to  use  this  spray  where  it  would  hit  the  fruit  and  foliage. 

Summer  Test  of  Trunk  Spray 

Gummer  bests  were  made  of  dinitro-o-cresol  in  stove  oil  emulsion 
and  of  DDT  dissolved  in  benzene  and  then  used  in  the  stove  oil 
emulsion  applied  on  trunks  and  scaffold  limbs  of  fruitless  trees  in 
July,    At  intervals  oT  3,  30  and  60  days  after  spraying,  200  larvae 
were  placed  on  one  tree  for  each  of  5  formulas  and  an  untreated  check. 
\t  the  end  of  30,  60    and  90  days  all  individuals  recovered  \»;ere  exara- 
ined  for  mortality.    The  regular  dinitro  formula  gave  82,  68  and  79,^ 
kill,  and  the  DDT  gave  85,  28,  and  20!^. 
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This  indicSLtes  that  most  of  the  larvae  aitempting  to  cocoon  on 
the  Mnitro-  or  DDT-sprayed  surfaces  were  killed  for  the  30-day  period, 
and  that  the  dinitro  spray  was  much  more  persistent  than  the  DDT, 
which  was  no  better  than  the  checks  after  the  30-day  period. 


KilAENEYSVILLE,  WEST  VIRGINIA 

Edwin  Gould,  West  Virginia  Agricultural  Experiment  Station, 
and  James  F,  Cooper,  Bijxeau  of  Entomology  and  Plant  Quarantine, 
U.  S.  Department  of  Agriculture, 

These  investigations  were  carried  on  jointly  by  the  Bureau  of  Entomology 
and  Plant  Quarantine  and  the  West  Virginia  Agricultural  Experiment 
Station, 

Seasonal  Conditions  and  Codling  Moth  Activity 

The  19^^  season  in  the  Oumherland- Shenandoah  region  was  quite 
favorable  for  codling  moth  development  and  activity.     In  this  immediate 
area  a  dry  warm  spring  was  followed  by  a  continuously  warm  and  dry  sum- 
mer with  droxight  conditions  in  sections.    The  first  codling  moth  taken 
in  the  bait  pails  May  9  preceded  by  2  days  the  first  emergence  from 
bands  in  the  emergence  cages.    The  spring  brood  peak  was  reached  in  the 
emergence  cages  May  I5  and  in  the  bait  pails  May  I6.    By  the  end  of  I^iay 
87  percent  emergence  had  occurred  in  the  emergence  cages  and.  bait  pail 
collections  had  dropped  sharply.    First  entrances  were  noted  on  fruit 
May  20  and  first  exit  June  10.    Spring  brood  trap  collections  were  ap- 
proximately three  times  as  great  as  in  19^3  stnd  total  season's  collections 
approximately  fo\ir  times  as  great  as  in  any  of  the  preceding  3  years. 
Second-brood  damage  was  unually  severe,  and  a  high  worm  population 
entered  hibernation. 


Field  Tests  of  Insecticides 

The  field  experiments  with  insecticides  for  control  of  codling  moth 
were  conducted  in  a  block  of  York  trees  in  the  Border  Orchard  near 
Kearneysville ,  W.  Va,    A  heavy  infestation  of  codling  moth  carried  over 
in  this  orchard  from  19'+3»    All  plots  were  single  tree  plots  selected 
at  random.    Plots  1  through  18  were  replicated  five  times,  while  Plots 
19  through  32  had  no  replications,  but  were  established  for  the  purpose 
of  utilizing  the  small  qioantity  of  DDT  available  to  this  station  to  de- 
velop leads  to  further  tests  when,  adequate  supplies  are  available. 

Arsenicals:     Ten  replicated  plots  were  based  on  lead  arsenate  in 
varied  combinations  and  schedules,  none  of  which  appeared  to  be  signifi- 
cantly more  effective  than  the  standard  ^— cover  schedule  (Plot  1).  He-vy 
Bordeaux  and  Fermate  materially  reduced  the  effectiveness  of  the  lead 
arsenate  with  respect  to  total  injuries,  worms,  and  stings.  However, 
inter-tree  migration  in  a  single-tree  plot  set-up  obscures  evaluation 
of  nicotine  in  the  lead  schedules  and  also  in  the  tests  of  nicotine  com- 
binations and  materials. 
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Nicotines:    All  nicotine  plots  were  replicated  ^;nd  received  8  cover 
sprays.    All  plots  produced  a  higher  percentage  of  clean  fruit  and  fewer 
stings  than  the  standard  lead  schedule  and  all  but  2  had  fewer  worms. 
Factory-processed  nicotine  bentonite  produced  the  cleanest  fruit  with 
fewest  worms  and  stings-, 

DDT:  The  2  replicated  plots  (Plots  I3  and  lU)  of  DDT  did  not  pro- 
duce as  high  percentage  of  clean  fruit  for  the  season  as  did  the  best 
nicotine  plot,  but  had  fewer  stings.    However^  a  comparison  of  the  DDT 
plots  which  received  only  the  first-brood  sprays  with  plots  receiving 
second-brood  sprays  is  scarcely  Just  to  the  material.     Only  the  regular 
four  first-brood  cover  sprays  were  applied  and  observations  indicated 
that  the  DDT  began  to  lose  its  effectiveness  About  30  days  after  the 
last  spray  had  been  applied. 

First-brood  results  with  DDT  were  outstanding  in  both  the  replicated 
plots  and  the  tmreplicate'd  single-tree  plots  and  indicated  that  had  the 
entire  orchard  been  sprayed  with  this  material  the  second  brood  would  have 
been  of  little  consequence.    First-brood  counts  of  tree  and  drop  fruits 
on  Plots  13  and  iH  indicated  only  one  worm  to  each  157^  apples  or  3*7 
worms  per  tree  as  compared  vjiih  the  standard  lead  arsenate  plot  v.'ith  one 
worm  to  each  11, g  apples  or  520  worms  per  tree. 

The  unreplicated  plots  (Plots  19-32  and  I3XB  and  I3XD)  can  not  be 
granted  individual  significance,    -However,  no  one  of  the  plots  receiving 
h  first-brood  cover  sprays  of  DDT  in  any  combination  had  more  than  1,5 
percent  total  fruit  injury  at  the  end  of  the  first  brood.    This  further 
substantiates  the  conclusion  that  second  brood  would  have  been  of  no 
consequence  had  the  entire  orchard  been  sprayed  with  this  material.  This 
also  indicates  that  when  used  in  the  h  first-brood  cover  sprays  at  the 
rate  of  one  pound  of  active  DDT  the  addition  of  nicotine,  oil,  or  benton- 
ite did  not  materially  reduce  its  effectiveness  against  the  first  brood. 
Likewise,  when  used  at  the  rate  of  one-half  pound  active  DDT  in  combina- 
tion with  nicotine-bentonite-oil ,  Bordeaux-lead  arsenate  or  zinc  sulfate- 
lime-lead  arsenate  first-brood  control  was  effective.    Examination  of  the 
final  season's  results  of  plots  13,  1^,  and  I9  through  27  indicates  a 
loss  of  toxicity  of  DDT  against  the  second  brood..    The  plots  sprayed 
•vith  aqueous  emulsion  of  DDT-benzene  and  DDT-xylene  emulsions  indicated 
that  the  material  in  this  form  retains  its  toxicity  longer. 

Plot  28  indicates  very  good  control  ;with  DDT  in  the  last  3  first- 
brood  covsr  sprays.    Plots  29  through  32  indicate  decreasing  effectiveness 
with  decreasing  concentrations  with  the  effectiveness  of  one-half  pound 
of  active  DDT  about  the  equivalent  of  3  poun'ds  of  lead  arsenate  in  the 
control  effected.    Plot  I9  indicates  that  3  covers  of  DDT  were  very  ef- 
fective in  control  of  first  brood  and  on  an  orchard-wide  scale  may  suffice. 

Sample  apples  from  Plots  I3,  1^,  25,  and  27  were  collected  on 
September  27  and  submitted  to  the  Division  of  Insecticide  Investigations 
for  analyses  of  DDT  residues.    Residues  (grains  per  pound)  were  reported 
as  follows: 

Plot  13  -  0,026 
Plot  1^+  -  0.019 
Plot  25  -  0.031 
Plot  27  -  0.052 
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Oils:    Some  foliage  injury  and  a  roughness  of  finish  was  noted  on 
plots  receiving  the  8  cover  sprays  in  all  of  which  oil  was  used.  An 
average  of  8.S  quarts  of  oil  per  tree  was  applied  on  Plots  g  through 
12,  and  5*6  quarts  per  tree  on  Plot  7»    This  appears  to  be  too  much  oil 
for  this  area  under  conditions  existing  this  season. 

A  serioitf  population  of  Europesui  red  mite  developed  during  JmIj 
on  all  plots  sprayed  with  DDT  and  a  spray  of  6  quarts  of  summer  oil 
emulsion  per  100  gallons  was  applied  on  August  8.    Bather  severe  injury 
had  already  occurred  from  this  insect  by  this  date  and  considerable  de- 
foliation resulted  on  some  of  the  plots.    Heavy  fruit  drop  on  the  DDT 
plots  occurred,  but  due  to  the  severe  mite  damage  and  resultant  defolia<- 
tion  it  could  not  be  determined  that  DDT  was  a  direct  factor  in  this 
drop.    The  mite  population  on  plots  other  than  DDT  was  of  no  consequence, 
and  fruit  drop  on  those  plots  could  be  correlated  somewhat  with  degree 
of  worminess. 

Table  1  summarizes  the  spray  schedules  and  results  of  the  various 

plots. 

Dates  of  the  sprays  were  as  follows: 

1st  -  May  17-20  (except  plots  l6  and  19  were  May  23) 
2nd  -  May  2 7- June  1 

3rd  -  June  7-8  (except  plots  I6  and  I9  were  June  16) 

kxh  -  June  23 

5th  -  July  12 

6th  "  July  25 

7th  -  August  8 

8th  -  August  23 

Following  is  a  list  of  materials  used  and  explanation  of  symbols 
used  in  table  1: 

B  -  Mississippi  bentonite  (Panther  Creek  Brand) 
BLI55  -  Black  Leaf  155  (regular)  containing  lU^  nicotine 
BLI55  Spec.  -  Black  Leaf  155  special  containing  lk%  nicotine 
Bordo  -  Bordeaux  mixture 

25^DDT  -  Powdered  material  prepared  by  DuPont  containing  25^  active  DDT 
50^DDT  -  DDT  concentrate  of  Geigy  Co.  micronized  with  equal  amount  of 

pyrophyllite 
Fermate  -  ferric  dimethyl  dithiocarbamate 
FS  -  Flotation  sulphur 

20XN  -  Liquid  material  prepared  by  California  Spray  Chemical  Co.  and 

containing  Ih^L  nicotine  alkaloid  and  a  lethane 
L  -  hydrated  spray  lime 
LA  -  lead  arsenate  (Orchard  Brand) 
N  -  nicotine  sulphate  kO%  (Black  Leaf  Uo) 
0  -  summer  oil  emulsion  containing  835^  oil  (Orthol-K) 
Zn  -  sine  sulphate  (granular) 

1/  -  Total  of  k  drop  fruit  collections  and  harvested  fruits 
•  -  Indicates  unreplicated  single-tree  plots. 
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Practical  test  of  tank^mix  nicotine-bentonite 

A  practical  test  of  tank-ndx  nicotine-bentonite  vms  made  on  the  station 
grounds.    The  schedule  and  materials  were  as  in  Plot  7  of  Table  one 
preceding.    Three  blocks  of  trees  representing  a  ntuaber  of  varieties 
were  given  this  coverage.      The  total  number  of  trees  involved  was 
470  and  varieties  as  follows:    Arkansas  Black,  Blaxtayman,  Delicious, 
Gallia,  Golden  Delicious,  Grimes  Golden,  Jonathan,  Mcintosh,  N,  W.  Greening, 
Red  Jonathan,  Richared  Delicious,  Rome  Beauty,  Rome  Red,  Starking,  Staymared, 
Transparent,  Wine  sap  and  York.      First  brood  counts  of  200  apples  from  each 
of  5  trees  showed  k.2  percent  of  total  fruits  injured  with  3.5  stings  suid 
0.9  worms  per  100  fruits.     Counts  were  not  made  "throughout  the  season  nor 
at  the  end  of  the  season,  but  general  observations  showed  that  very  good 
codling  moth  control  had  been  effected  and  finish  was  good  except  for  the 
oil  roughness  discussed  previously.    Some  foliage  injury''  vreis  also  noted 
from  use  of  so  much  oil  vuider  this  seasons  drought  conditions. 


Codling  Moth  Population  Build-up  Studies 

Codling  moth  population  build-up  studies  were  begun  in  an  isolated, 
abandoned  eight-acre  orchard  in  1941.      The  orchard  was  completely  de- 
fruited  in  1942.    No  codling  moth  control  sprays  were  applied  during 
1943  or  1944.    Table  2  shows  clearly  the  rapidity  W3.th  which  codling 
moth  population  builds  up  under  natural  conditions. 

At  the  beginning  of  the  experiment  in  1941  the  orcViard  showed  a  first 
brood  infestation  of  14.1  percent  with  a  total  infestation  of  48.5  per- 
cent.   This  was  reduced  to  almost  zero  in  1942.    The  population  was  so 
nearly  eradicated  that  in  1943  the  first  brood  only  built  up  to  2  percent 
with  a  total  infestation  of  12,1  percent.     This  relative  light  carry- 
over, hovrever,  p;ave  a  first  brood  infestation  of  18.9  percent  in  1944 
with  a  total  infestation  of  71.2  percent.    Thus  the  bio tic  potential 
of  codling  moth  is  such  that  in  two  favorable  seasons  under  natural 
conditions  it  built  up  from  practically  zero  to  approximately  its  maximum 
level.    The  population  was  significantly  greater  in  1044  than  at  the 
beginning  of  the  e^  eriment  due  to  an  influence  in  the  natural  biological 
balance.    The  light  crop  in  1944  was  also  a  contributing  factor.  The 
extremely  light  yields  in  1943  and  in  19^  might  indicate  a  residual  effect 
from  the  defruiting  sprays.    Further  experiments  along  this  line  have 
failed  to  show  any  evidence  of  such  residual  effects.    In  the  station 
orchard  in  1943  Staymans,  Wine  saps,  Delicious,  Golden  Delicious  and  Black 
Twigs  were  completely  defruited  with  the  oil-dinitro  sprays.    All  trees 
of  these  varieties  bore  full  crops  in  1944. 


Table  2.    Comparative  results  1941-44  Population  Build-up  Studies 

1941  1943  1944 

I5t  Brooa  Torfe.1    ist  Brwd  rem   1st  Brood  Tutai 


Total  Fruits 

106908 

106908 

36557 

36557 

20657 

20657 

%  Injured 

14.1 

48.5 

2.0 

12.1 

18.S 

71  o2 

%  Stung 

7.0 

7.7 

1.7 

5.7 

9.0 

4.5 

%  Wormy 

6.3 

32o9 

0.3 

5.0 

8.1 

52.2 

%  Y/onny  &  Stung 

0.9 

7.9 

-0- 

1.4 

1.9 

14.5 

Worms  per  100 

8 

55 

0 

9 

11 

127 

Stings  per  100 

9 

19 

2 

9 

13 

24 
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Seasonal  Conditions  and  Codling  Moth  Development 

Total  rainfall  in  April  and  May  exceeded  10  inches,  but  during 
the  96  days  from  May  11  to  August  1^  it  was  only  about  5  inches  as 
compared  with  a  normal  rainfall  of  about  12,    Between  August  lU  and  3I 
the  rainfall  was  about  another  5  inches  -  equal  to  that  of  the  preced- 
ing 3  months.    A  light  bloom,  poor  weather  for  pollination,  and  freezes 
on  May  6  and  7  resulted  in  about  kO  percent  of  a  full  crop. 

There  was  a  heavy  carryover  of  worms.    Moth  emergence  began  May  2, 
but  activity  remained  at  a  very  low  level  until  the  weather  became 
favorable,  about  May  9»    Catches  in  112  traps  in  k  orchards  increased 
from  5  moths  on  May  9  and  10  to  a  record  peak  of  ^,519       May  18  with 
more  than  19,000  being  taken  between  May  16  and  20,    The  total  catch 
for  the  season  amounted' to  JSt^OO  moths.    First-brood  hatch  began  May  17 
and  within  10  days  codling  moth  injuries  on  plots  receiving  standard 
treatments  averaged  U.5  per  100  apples.    Few  growers  were  ready  for  the 
unusually  early  and  heavy  hatch  that  occurred  from  3  to  U  weeks  after 
petal  fall  and  preceded  the  3rd  cover  spray  in  most  orchards.  Mature 
larvae  began  leaving  apples  June  5»  adults  appeared  June  18  and  the 
second-brood  hatch  reached  its  peak  before  July  I5.    Third-brood  larvae 
began  hatching  early  in  Atjgust,  there  being  evidence  that  a  light  fourth 
brood  developed. 

The  average  mean  daily  temperature  during  July  was  79*7*  s-nd  during 
the  first  18  days  of  August,  83,1*  with  no  temperatures  over  100*  to  kill 
the  eggs  and  none  tinder  60®  \antil  after  August  I9  to  prevent  moth  activ- 
ity at  dawn  and  dusk.    By  August  1  the  average  infestation  throughout 
the  area  was  as  great  as  it  was  at  harvest  in  19^3  ^nd  at  harvest  the 
infestation  on  certain  lead  arsenate  and  nicotine  bentonite  plots  sprayed 
with  the  same  formulas  as  in  19^3  was  three  times  as  great  with  crops 
of  the  same  size  and  despite  the  application  of  much  more  material  in 
19^^.    The  average  infestation  in  southern  Indiana,  southern  Illinois, 
and  western  Kentucky  was  in  excess  of  50  percent  wormy  fruit.  Despite 
the  application  during  the  season  of  more  than  ik  pounds  of  lead  arsenate 
each,  to  trees  of  moderate  size  with  yields  of  from  1,500  to  3»600  apples, 
the  crops  on  3  varieties  ranged  from  56  to  fS  percent  wormy  with  from 
208  to  359  injuries  per  100  apples. 

The  present  worm  carryover  in  most  orchards  is  of  record  size. 


1^/  All  chemical  analyses  reported  herein  were  made  by  J.  E.  Pahey, 
Division  of  Insecticide  Investigations.    Mr,  Fahey  also  processed  most 
of  the  DDT  used  in  these  experiments. 
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Laboratory  Experiments  with  Insecticides 

Tests,  utilliing  not  less  than  kO  apples  and  UOO  newly  hatched 
larvae  each,  were  conducted  early  in  the  year  in  extensive  studies  of 
DDT  (Bureau  of  Sntomology  and  Plant  Quarantine  Circular  1-628,  17  pp., 
NoveBjher  I9UU) . 

Results  of  an  additional  experiment  conducted  in  June  and  repeated 
in  July  are  summarized  below: 


Formula  (U  ozs.  DDT  per  100  gals,  in  each)       Percent  larvlcidal  efficiency 


1.  DDT-Pyrax  (1:1)  (19^3)  (Eaymond  Hammer  Mill)  SH,2  S3,k 

la.  No.  1  after  exposure  to  5  tap  water  sprays  88,1  57.5 

2.1/ DDT- Kaolin  (1:1)  (Mikropulveriier)  9U.9  93.7 

2a.  No.  2  after  exposure  to  5  *ap  water  sprays  95.8  6I.5 

3.  DDT-water  paste    (^:60)  (Pebble  mill)  97.5  100.0 

3a,  No.  3  after  exposure  to  5  tap  water  sprays  78.8  72.^ 

k,  DDT-Pyrax-water  (1:1:2)  paste  (Steel  ball  mill)  96.6  98.9 

Ua.  No.  U  after  exposure  to  5  tap  water  sprays  75.^  57*5 

5.  DDT-Pyrax  (1:9)  (Steel  ball  mill)  -  98.3 

5a,  No,  5  after  exposure  to  5  tap  water  sprays  -  5^.9 


i/  The  possibility  of  substituting  kaolin  for  pyrophyllite  was 
suggested  by  Dr.  E.  D.    Witmsm,  Ohio  State  University  Research  Fotmdation 
and  such  a  mixture  was  subsequently  processed  by  him  for  use  in  these  tests. 

The  difference  in  susceptibility  to  the  tap  water  sprays  on  the 
two  days  was  believed  to  have  resulted  from  differences  in  the  fruit  sur- 
face, all  pubescence  having  sloiaghed  off  the  fruit  by  July 

The  DDT-kaolin  mixture  was  equal  to  the  I9U3  DDT-Pyrax  combination 
in  both  experiments.    The  DDT-water  paste  was  inferior  after  the  tap 
water  sprays  on  June  6  but  superior  in  the  July  test.    This  formula  was 
made  from  different  shipments  of  19^^  DDT  concentrate  as  was  the  DDT- 
Pyrax-water  (1:1:2)  paste  and  these  results  were  the  first  indication 
that  the  results  obtained  with  formulations  of  19^3  material  could  not 
be  duplicated  with  I9U4  DDT  in  the  processing  equipment  available.  This 
was  also  indicated  by  subsequent  field  tests. 

Different  shipments  of  the  19^^  DDT  concentrate  appeared  to  vary 
with  respect  to  the  hardness,  size,  or  proportion  of  agglomerates  so  that 
when  processed  for  specific  lengths  of  time  the  end  prodvicts  were  ex- 
tremely variable.     This  is  thought  to  have  resulted  from  the  use  of  a 
less  highly  refined  material  than  available  in  I9U3.    The  kO:G0  DDT-water 
paste  for  example,  when  groxind  in  a  small  pebble  mill  using  19^3  DDT 
concentrate,  was  sufficiently  reduced  in  particle  size  to  form  a  thick 
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slurry  with,  no  excess  water  in  1  or  2  hours'  time.    Repeated  processing 
of  this  material  "by  Mr.  Fahey  showed  that  the  results  with  respect  to 
particle  size  were  reproducible.    This  was  not  true  of  the  I9U4  concen- 
trate.   On  several  occasions  after  2k  haurs  of  similar  grinding  the  I9U4 
concentrate  still  contained  agglomerates  large  enough  to  clog  the  sprayer 
filter,  as  well  as  single  particles  up  to  75  microns  in  length,  and  with 
the  combination  still  in  the  form  of  a  thin  slurry.    It  was  generally  in 
poorer  physical  condition  for  use  in  spray  equipment  than  19^3  concentrate 
groxind  only  1  or  2  hours.    Photomicrographs  of  all  formulations  used  in 
field  tests  were  made  late  in  the  19^^  season  and  these  show  that  DDT- 
water  pastes  made  from  19^3  material  contained  particles  very  uniform  in 
size,  while  all  mixtures  made  from  19^  material  contained  particles 
covering  a  wide  range  in  size.    Individual  particles  in  the  I9U4  concentrate 
ranged  up  to  100  microns  in  length  and  30  in  diameter.    These  cylindrical 
particles  (characteristic  of  DDT)  tended  to  shorten  in  length  with  con- 
tinued processing  "before  they  were  reduced  in  diameter.    The  presence  of 
pyrophyllite  aided  in  the  reduction  of  particle  size  but  the  optimum  size 
for  use  in  codling  moth  sprays  remains  to  be  determined.    Particles  of 
DDT  up  to  50  microns  in  length  were  found  on  the  surface  of  Rome  Beauty 
apples  when  picked  October  I9,  50  days  after  the  final  spray.  Particles 
of  at  least  30  microns  in  length  were  found  adhering  to  the  setae  of  newly 
hatched  codling  moth  larvae. 

The  19^3  concentrate  processed  with  an  equal  quantity  of  pyrophyllite 
remains  in  as  fine  a  condition  as  when  first  prepared  although  it  contains 
individual  DDT  particles  of  considerable  size.    The  19^^  material  coidd 
not  be  processed  in  a  1:1  mixture  with  pyrophyllite  in  a  steel  ball  mill 
without  the  addition  of  water  to  prevent  packing.    Neither  could  the 
straight  DDT-water  (U0:60)  paste  be  processed  in  the  steel  ball  mill  but 
it  could  be  made  in  a  porcelain-lined  pebble  mill.    All  mixtures  of  DDT 
which  contained  water  acquired  a  rusty  color  and  generated  some  heat  in 
the  steel  mill, suggesting  that  some  decomposition  may  have  occurred. 

The  use  of  an  emulsified  solution  of  the  l^hk  concentrate  in  tests 
reported  below  eliminated  the  loss  which  results  when  part  of  the  material 
is  in  the  form  of  excessively  large  particles  and  agglomerates,  hence  the 
solution  coorpared  favorably  with  the  suspensions.    It  remains  to  be  de-> 
terinined  whether  it  can  equal  a  properly  processed  dry  product, 

Laboratory-'I'ield;  Experiments 

The  method  used  in  conducting  these  experiments  has  been  described 
in  previous  reports  (Bureau  Circular  E-U88,  September  1939) • 
tests  reported  herein  60-apple  stratified  samples  were  taken  from  each 
plot  (generally  from  2  trees)  before  and  after  the  cover  sprays  begin- 
ning with  the  second,  and  at  harvest.    Ten  newly  hatched  larvae  were 
applied  to  each  apple  under  controlled  laboratory  conditions.  Some 
325,000  larvae  were  used  in  the  tests. 

The  trees  used  in  3  series  of  tests  were  of  the  Rome  Beauty  and 
Grimes  varieties  and  were  25  and  2k  years  old  respectively.  Pre-bloom 
sprays  were  applied  by  the  grower.    A  uniform  calyx  spray  of  3  pounds 
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lead  arsenate,  3  poionda  lime,  and  6  pounds  wettable  sulfur  per  100  gallons 
was  applied  to  all  plots  alike.    A  7-day  spray  of  h  pounds  lead  arsenate, 
U  pounds  lime,  and  10  potinds  flotation  sxilfxir  paste  was  appllei,d  to  all 
plots  that  were  to  be  sprayed  later  with  lead  arsenate  formulas.  Those 
which  were  to  receive  other  insecticides  were  sprayed  only  with  flotation 
sulfur  in  the  7-day  spray. 

The  trees  were  sprayed  with  approximately  33  gallons  each  during 
the  cover  spray  period.  Eight  cover  sprays  were  applied  to  the  Grimes 
and  10  to  the  Rome  Beauty,  All  except  the  last  Rome  Beauty  spray  were 
applied  from  both  tower  and  ground  to  the  point  where  run-off  occurred 
from  all  parts  of  the  tree.  The  final  Rome  Beauty  spray  was  from  the 
tower  only  but  20  gallons  per  tree  were  applied. 


Cover  sprays  were  applied  on  the  following  dates: 


Spray 

Home 

Spray 

Rome 

Number 

Beauty 

Grimes 

Number 

Beauty 

Grimes 

1 

May  17-18 

May  19 

6 

July  8,  10 

July  Ik 

2 

May  23-25!/ 

May  27 

7 

July  21-22 

July  28 

3 

June  1-2 

J-one  6 

8 

Aug.  7-8 

Aug.  1^ 

k 

June  12-13!/ 

June  16 

9 

Aug.  21-22!/ 

5 

June  26-27 

June  30 

10 

Aug.  29-31!/ 

Interrupted  by  rains. 


The  Rome  Beauty  plots  were  arranged  in  a  restricted  randomization 
of  7  single-tree  replicates.    The  series  contained  I5  treatments  for  which 
the  final  infestation  data  will  be  found  in  Table  k,    Larvicidal  efficiency 
data  and  deposit  data  were  obtained  from  10  of  the  treatments,  an  extra 
2-tree  replicate  being  sprayed  for  the  purpose.    No  final  infestation 
data  were  obtained  from  the  unreplicated  Grimes  plots. 

Because  of  the  great  amount  of  detailed  data  involved  the  individual 
paired  efficiency  and  deposit  determinations  are  omitted  from  this  report. 
The  averages  for  the  season  and  the  final  deposits  and  efficiency  imme- 
diately before  harvest  are  given  for  those  treatments  continued  throiJgh- 
out  the  entire  season,  or  in  the  case  of  the  third  series  from  June  30 
to  September  6. 
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ftome  Beauty 

Efficiency  and  deposit,  data  obtained  from  the  aome  Beauty  variety  are 
given  in  table  1.    Reference  should  be  made  to  table  4-  for  details  of  the 
spray  treatments. 

Abbreviations  used  to  indicate  spray  materials  referred  to  in  the  tables 
in  this  report  are  listed  below t 


301  oil  (a  "raw  mineral  oil  of  85% 

U,       and  57  sec.  viscosity) 

370  oil  (a  raw  mineral  oil  of  8O56 

U.  a.  and  57  sec.  viscosity) 

371  oil  (a  raw  mineral  oil  of  80^ 

U.  ft.  and  72  sec.  viscosity) 

501  oil  (a  raw  napthenic.  mineral  oil  of 
905^  U.  a.  and  5U  sec.  vise.) 

Bdx.-l/2  (l/2tl:100  bordeaux  mixture) 

Bdx,-1  (1:2  s  100  bordeaux  mixture) 

CSCP  (Central  Soya  Co.  crude  soybean 
phosphatides) 

DDT  (dichloro  diphenyl  trichloroe thane) 
(Ground  with  water  into  a  4-0:60 
paste) 

DDT-P  (a  1:1:2  mixture  of  DDT-pyro- 
phyllite-water  ground  in  a 
steel  baU  miU) 

DDT-1:9  (a  1:9  mixture  of  DDT  concen- 
trate  and  pyrophyllite 
ground  dry  in  a  steel  ball 
mill) 

Fermate  (ferric  dimethyl  dithio- 
carbamate) 


FPNB  (factory  processed  nicotine 
bentonite,  14/6^ 

He  175  (disodium  ethylene  bis 
dithiocarbamate) 

LA  (acid  lead  arsenate) 

KWK  (Wyoming  bentonite,  pellet  form) 

Li  (hyd rated  spray  lime) 

HDH  1:5  (micronized  dry  mix,  1  pt. 

nic.  to  5  lb.  KWK  powder) 

MO  (an  emulsive  9735  mineral  oil  of 
9156  U.  a.  and  57.7  sec.  vise.) 

Nic.  (nicotine  sulfate,  40J^) 

PC  (Panther  Creek,  Mississippi 
bentonite) 

PCN  (para  chloro  ortho  nitro 
acetanilide ) 

S  (siilfur,  flotation  paste) 

SF  (soybean  flour) 

SO  (soybean  oil,  crude) 

XllO  (Filtrol  XllO,  Mississippi 
bentonite) 

1ST  (a  commercial  preparation  of 
55  percent  soybean  lecithin 
+  oil  and  carbitol 


ZS  (zinc  sulfate) 
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Table  1.    Arera^e 'percent  lanricidal  efficiencies  and  sprajr  deposits  from 

 May  25  to  qept.  16.    Apae  Beauty,    irincennea.  Ind.  IdAA  

0-2  days    9-16  days 
after        after  Final 

Plot   Treatment  (for  details  sei  table  A)    Depo8its=^ sprays       sprays  9/17 


1. 

Standard  lead  arsenate,  oil. 

AS2O3 

58 

53 

61 
\l4.7; 

3. 

Aediiced  lead  arsenate,  bordeaux. 

AS2O3 

ddtS/ 

89 

(^.^) 

12 

(7.6) 
(3.0) 

85 
(10.3) 

(3.9) 

5. 

Standard  tank  mi:c  nicotine  bent- 
onite  (m),  soybean  oil.    301  oil 
+  nicotine  in  last  3  sprays 

Nicotine 

92 

(5.8) 

81 

(3.7) 

81 

(2.3) 

7. 

Nicotine  bentonite  (XllO),  301  oil, 
Femate  in  2  sprays,  CSCP  in  4> 

Nicotine 

92 

(3.9) 

83 

(1.9) 

95 

(2.2) 

8. 

Nicotine  bentonite  (XllO)  soybean 
oil 

Nicotine 

95 

(^.8) 

82 

(2.2) 

96 

(3.5) 

9. 

Nicotine  bentonite  (XllO)  371  oil. 
Soybean  oil  in  first,  fifth,  and 
final  sprays 

Nicotine 

90 

(^•9) 

84 
(2.0) 

97 

(^.6) 

U. 

DDT-P,  3/A  lb.  in  7  sprays,  1/2  lb. 
in  3*    MO  and  KWK  in  2  of  the 
DDT  sprays 

DDT 

96 

(7.8) 

82 

9U 

12. 

DDT-P-  1  lb-  In  7  sprava-  2/l  lb- 
in  3 

DDT 

(8.5) 

(3.8) 

00 

(6.9) 

13. 

DDT-P,  1-1/2  lb.  in  7  sprays,  1  lb. 
in  3.    MO  and  ERK  in  2  of  the 
DDT  sprays 

DDT 

100 
(12.1) 

93 

(7.7) 

99 
(16.9) 

u. 

DDT,  1  lb,  in  7  sprays,  2/3  lb, 
in  3 

DDT 

97 

(7.7) 

80 

(3.8) 

11 

U.9) 

1/  Deposits  as  mmg.  per  cb2  are  shown  by  figures  in  parenthesis. 
2/  Between  6th  corer  spray  and  harvest. 


Because  of  the  hot  dry  weather  and  lack  of  dews  dtjring  mid  season 
the  standard  lead  arsenate  (l)  declined  in  efficiency  after  the  third 
cover  spraj^  to  a  low  of  39  percent  on  July  6  although  its  deposits  on 
that  date  averaged  12. U  mmgs.  A82O3  per  sq.  cm.    The  adverse  effect  of 
prolonged  periods  of  hot  dry  weather  on  the  toxicity  of  lead  arsenate 
deposits  has  been  noted  almost  every  year  of  the  past  11.    Plot  1  reached 
its  highest  efficiency  of  the  season  (68,2  percent)  on  A\igust  18  imme- 
diately before  the  ninth  cover  spray  and  after  5  rainy  days  during  which 
a  total  of  1.3  inches  of  rain  fell.    There  was  an  increase  of  ^3  injuries 
per  100  apples  on  this  plot  between  Jtme  20  and  Jtily  I7,  of  75  between 
July  17  and  August  11,  and  of  3^  between  Axigust  11  and  25.    During  these 
3  periods  the  respective  increases  on  the  lead  arsenate  plot  supplemented 
with  DDT  (3)  were  12,  28,  and  8,    On  the  nicotine  ben tonite- soybean  oil 
plot  (8)  they  were  3»  13.,  and  6. 

On  Plot  3»  til®         deposits  were  not  determined  early  in  the  season 
but  after  July  10  they  averaged  3*7  i^Jg*  per  sq.,  cm.  compared  to  6.8  on 
Plot  12  to  which  was  applied  2-1/2  to  4  times  as  much  DDT,  Apparently 
the  presence  of  lead  arsenate  or  bordeaux  mixture  was  responsible  for 
increasing  the  resistance  of  the  DDT  to  weathering. 

As  in  19^2  and  19^3 t  the  Mississippi  ben tonite  programs  were  more 
effective  late  in  the  season  than  those  of  Wyoming  bentonite,  primarily 
because  Wyoming  bentonite  and  soybean  oil  in  the  original  formula  must  be 
replaced  by  mineral  oil  ia  the  late  applications  to  avoid  excessive  visible 
residues.    The  results  also  indicate  that  1/2  percent  soybean  oil  may  be 
as  effective  as  1/p  percent  mineral  oil  in  the  Mississippi  bentonite 
formula.    Treatments  7»  ^1  s-^d  9  were  highly  effective  in  late  Atigust  and 
early  September  after  the  fruit  began  to  form  considerable  wax.    The  soybean 
oil  formula  produces  a  more  uniform  deposit  than  the  mineral  oil  mixture 
and  one  which  is  less  greasy  and  more  easily  removed  by  brushing.  Further- 
more, soybean  oil  does  not  retard  color  formation  as  much  as  does  mineral 
oil. 

Because  of  the  need  for  informa%ion  on  the  influence  of  mineral  oil 
on  the  European  red  mite  population  that  was  rapidly  building  up  and  to 
test  the  safety  of  l/2  and  3/^  percent  oil-DDT  mixtures  to  the  trees  after 
some  bronzing  had  developed  and  because  it  was  impossible  to  expand  the 
experimental  setup  further,  oil  was  added  to  treatments  11  and  I3  in  the 
sixth  and  seventh  cover  sprays.    It  was  recognized  that  this  would  probably 
interfere  with  the  comparison  of  the  3  dilutions  of  DDT-Pyrax  being  tested. 
The  oil  had  a  more  pronounced  and  prolonged  effect  than  anticipated. 

This  is  shown  by  the  data  in  Table  2. 
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Table  2,  A  comparison  of  the  average  larvicidal  efficiency  and  amomt 
of  DDT  deposits  before  and  after  the  addition  of  mineral  oil 
and  bentonite  to  certain  formulas.  (Deposits  in  mmg.  per  sq.cm. ) 


Period 

2nd  to  before 
6th  corer 


Age  of  latest 
deposits 

Fresh 


i  Eff  ic.. 
Deposit 


Weathered   ^  Sffic, 
Deposit 


Plot  11     Plot  12    Plot  13    Plot  lU 
3/U  lb.4    1  lb.  ♦    1.5  lb.    1  lb. 
Pyrax         Pyrax       •♦•  Pyrax  (Paste) 


9S.3 

72.5 
3.2 


S.2 
75.7 


93.^ 
9.8 

S6.0 
5.7 


97.3 
6.7 

79.1 
3.^ 


After  6th  to        Fresh  %  Effic.  90.6  98.8  99.6  95-5 
before  8th  cover.  Deposit  7-7  9.8         13.0  8.2 
(Oil  suid  bent- 
onite added  to     Weathered  ^  Effic.  87,8  8U.9  98. 78.8 
#11  and  13)  Deposit  5.8  3.^        11.2  4.0 


After  8th  to 
harvest  (9/17) 
(No  oil  or 
bentonite) 


Fresh 


5&  Effic. 
Depoait 


Weathered   %  Effic, 
Depoait 


98.1 
11.4 

92.U 
9.H 


97.2 
8.6 

89,2 
b.3 


99.8 
22.7 

99.1 
15.6 


97.2 
11,6 

80.5 
5.3 


Hotel  The  DDT  used  on  Ploti  11,  12,  13,  and  14  was  reduced  to  1/2,  2/3,  1, 
and  2/3  lbs.  respectively  In  6th,  7th,  and  8th  cover  sprays.  First- 
brood  formulas  resumed  for  9^^        10th  covers. 

Average  rainfedl  In  Inches  per  interspray  period:  2nd  to  6th  cover  8pray8-l.l4 

6th  to  8th  cover  sprays-0.87 
8th  to  harvest  -  2.05 


Prior  to  the  use  of  the  mineral  oil  and  1/4  lb.  Wyoming  bentonite 
on  Plots  11  and  13.  their  efficiency  and  deposits  compared  about  as  ex- 
pected.   While  the  oil  was  being  used  the  fresh  deposits  also  ranked  in 
accordance  with  the  strength  of  DDT  in  the  formulas.    The  oil  and  bentonite, 
however,  increased  the  resistance  to  weathering  so  that  the  I/2  pound  DDT 
formula  with  oil  (11)  was  stqperior  after  periods  of  weathering  to  the 
formula  containing  2/3  pound  DDT  without  oil.    Treatment  I3  was  corre- 
spondingly better  and  lost  almost  no  efficiency  between  sprays.    Its  lowest 
efficiency  was  75  percent  on  May  31.    After  June  28  it  never  fell  below 
97.7  percent.    From  June  20  to  August  25  It  permitted  an  increase  of  only 
9  Injuries  (mostly  stings)  par  100  apples.    Althou^  no  oil  deposits  were 
visible  after  the  eighth  cover,  some  bentonite  remained  and  the  influence 
of  the  oil  or  bentonite  (or  both)  used  in  the  sixth  , and  seveth  covers  was 
apparent  until  harvest,  not  so  much  while  the  deposits  were  fresh,  as 
after  they  had  been  exposed  to  weathering. 
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It  remains  to  be  determined  whether  a  properly  processed  dry 
DDT-Pyrax  mixture  such  as  used  in  19^3  would  be  influenced  as  much  by 
the  addition  of  oil  or  whether  any  DDT  mixture  of  this  kind  will  per- 
form better  when  applied  over,  or  with,  some  material  such  as  lead 
arsenate,  bordeaux",  or  bentonite  that  will  make  a  bond  with  the  fruit 
surface  more  resistant  to  weathering  than  can  be  obtained  with  DDT- 
Pyrax  or  DDT  alone. 

Another  factor  which  may  account  for  greater  resistance  to  weather- 
ing late  in  the  season  is  the  great  increase  in  the  amount  of  wax  formed 
on  the  surface  of  the  fruit.    This  usually  rises  through  the  spray  de- 
posit tending  to  submerge  rather  than  loosen  spray  residues.    The  Rome 
Beauty  variety  is  especially  waxy  while  the  Grimes  up  to  September  1  had 
produced  very  little. 

The  performancs  of  the  DDT-water  paste  formula  (14)  was  equal  to 
that  of  the  Pyrax  mixture  (12)  early  in  the  season,  but  the  paste  was 
less  effective  during  the  latter  part.    As  already  stated,  the  DDT-water 
I)aste8  (Plot  lU)  prepiared  during  the  season  varied  considerably  in  their 
physical  nature.    Some  were  obviously  too  coarse  since  they  clogged  the 
sprayer  screen  under  pressure.    The  paste  also  was  thrown  out  of  sus- 
pension in  the  tank  while  the  last  spray  was  being  applied,  which  resulted 
in  poor  coverage  on  part  of  the  plot.    They  was  caused  by  the  presence  of 
1/2  pint  Sherwin-Williams  "Stop-Drop"  (naphthalene  acetic  acid  solution) 
per  100  gallons  which  did  not  visibly  affect  the  mixtures  containing 
Pyrax  or  other  materials. 

Grimes 


Efficiency  and  deposit  data  from  the  principal  series  on  the 
Grimes  variety  are  summarized  in  table  3» 
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Table  3.    Average  percent  larricidal  efficiencies  and  spray  deposits  from 

Mav  26  to  qept.  1.    Grimes.    Viacennea.  Ind.  19^  

Materials  per  100  gals.  0-2  days  7-18  days 

Cover    (Actual  quantities  DDT  -  /   after       after  At 

Plot  sprays    are  glTen)   pepoeitd/    sprays     sprays  bftrvffl^ 


16    7-day  A  Ib.LA,^  Ib.Li.,  10  lb.  S 

1  A  lb.LA,Bdx.-l/2,4  oa.SF 

2-4  A  lb.LA,Bdx.-l/2,2  qt.  MO 

5-8  3  Ib.LA,  Bdx.-l/2 


A82O3 


(17.2) 


52 
(13.1) 


50 
(17.0) 


17 

7-aay 

/IK      TA       IIK  VofHnA^.A 

1 

X 

y  ih    T A  n  lh.1PeniiAt.A. 

A  oa.  DDT-P 

2 

4  XD.vAyU.^  -LP.  Femaxej 

58 

A  oa.DDT-P,2  qt.  HO 

91 

73 

2  lb. LA, 0.5  Ib.Fermate, 

A  oa.  DDT-P,  2  qt.  MO 

5-8 

3A  lb.  DDT-P 

18 

1 

1  pt.IIle.,8  Ib.XllO,!  pt.SO 

2 

1  pt.Hic.,8  Ib.ZllOfl  qt.SO 

1  pt.Hic.,8  lb.X110,2  qt. 

82 

73 

301  oU 

9A 

5-7 

2/3  pt.Hic.,5  Ib.mO,  2  qt. 

Nicotine 

(5.0) 

(2.8) 

(2.7) 

301  oil 

8 

2/3  pt.Nlc.,5  Ib.XilO, 

1  qt.SO 

19 

1-7 

Same  as  18  ■<-  1  lb.  He  175 

9A 

81 

75 

a 
0 

OCUUC    CL  o  XO 

IIXCU  VXXio 

1-8 

yx 

71 

rX 

SolXUX'GU   X  or  AXLv 

Hxco bxne 

^  1  '7\ 
{■L,  f) 

21 

1-5 

1  lb.  DDT-P 

97 

81 

AS 

0—0 

^/«»  XC.    JJl/1— r 

ui/x 

VP.'V 

X— <£ 

X  XD«   Wl/i— r 

X  XD.i.'yT— X  pr.gn  tki 

APahVi!  a  ml  11  ^ 
yi^ouuxv  Bl i  A  L  J 

96 

6-8 

3/ A  lb.DDT-1  hr.  grind 

DDT 

iS.A) 

(5.3) 

(5.6) 

(Pebble  mill) 

22A 

1-2 

1  lb.  D*^T-P 

3-5 

1  lb.DDT-2il  hr.  grind 

(rePDxe  nxxx^ 

97 

On 

59 

6-8 

3/A  lb.DDT-24  hr. 

(Pebble  mill) 

DDT 

(8.3) 

(5.5) 

(6.5) 

1 

1  Ih    DDT— P     /  e%T.a  KWIT 

X   pif .  Hl^ 

2-5 

1  lb.  DDT-P,  A  ozs.  KWK, 

1  qt.  HO 

99 

90 

9A 

0—0 

rtivp 

(X4.4^ 

1  qt.  HO 

26 

1-5 

1  lb.  DDT-P,  Bdx.-l 

99 

89 

85 

6-8 

3/A  lb.  DDT-P,  Bdx.-l 

DDT 

(8.2) 

(6.7) 

(7.0) 

27 

1-5 

1  lb.  dDT-1:9 

97 

85 

60 

6-8 

3/A  lb.  DDT-1:9 

DDT 

(9.6) 

(6.7) 

(7.0) 

28 

Dust,  DDT-talc-301  oil 

(5t95t5) 

81 

Al 

32 

5-8 

Dust,  DDT-talc-pyrophyl- 

DDT 

(2.6) 

(2.9) 

lita  (5:7.5:87.5) 

29 

1-8 

Dust,  DDT-WalQut  shell 

srr 

-48 

30 

flour  (5:95) 

DDT 

(A.5) 

(3.2) 

(3.8) 

as  mag.  per  ai2  are  shown  by  figures  in  parenthesis. 
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During  the  period  when  lead  arsenate  was  used  with  Fermate  and  DDT 
on  Plot  17  the  efficiency  of  the  combination  averaged  82  percent  immediately 
after  spray  applications  and  53  percent  after  periods  of  weathering  com- 
pared to  5^  and  ^  percent  respectively  for  the  standard  lead  arsenate. 

The  results  obtained  with  the  two  Mississippi  bentonites  were  about 
equal  (18  and  20)  and  the  addition  of  1  poxmd  of  He-175  (disodivun  ethylene 
bis  dithiocarbamate)  per  100  gallons  to  the  XllO  formula  (Plot  I9)  had 
no  effect  on  efficiency,  although  slightly  lower  nicotine  deposits  resulted. 
With  a  few  exceptions  (Plots  2k  and  26)  the  nicotine  bentonite  plots  with- 
stood the  heavy  rains  late  in  Atigust  better  than  DDT, 

The  fungicide  used  on  Plot  I9  caused  severe  injury  to  the  fruit  which 
first  appeared  as  glossy  black  spots.    The  majority  of  these  later  expanded 
with  growth  and  produced  a  russet  (except  where  more  than  skin  deep)  which 
in  turn  gradually  sloughed  off.    However,  65  percent  of  the  fruit  was 
still  badly  spotted  at  harvest  with  up  to  ^+0  spots  per  apple  ranging  from 
2  to  8  mm.  in  diameter.    The  fungicide  therefore  must  be  considered  unsafe 
for  use  with  nicotine  bentonite  and  mineral  or  soybean  oil  in  this  area. 

These  tests  indicate  that  as  far  as  the  effectiveness  of  deposits 
on  the  fruit  are  concerned  all  DDT  formulas  tested  except  the  DDT  dusts 
were  superior  to  lead  arsenate.    The  duets  were  Inferior  only  after  periods 
of  weathering.    They,  were  applied  on  the  same  schedule  as  the  sprays  but 
around  6:00  A.M.  so''''Q..i'"^,^  take  advantage  of  dews  when  such  occurred. 
About  2  to  3  pounds  of  thfe  5  |>«rcent  dust  was  used  per  tree  per  application. 

There  was  a  greater  difference  between  the  average  efficiency  in  the 
tops  and  bottoms  of  dusted  than  sprayed  trees  especially  after  periods  of 
weathering.    This  is  shown  by  the  following  data  from  representative  plots. 


Plot 


Percent  efficiency  of: 
Fresh  deposits 


16 

18 

21 

2k 

28 

n 

Top 

57 

89 

9k 

99 

67 

75 

Bottom 

65 

96 

98 

100 

87 

93 

Top 

45 

75 

73 

S7 

26 

32 

Bottom 

5S 

8U 

S7 

92 

52 

5^ 

In  comparison  with  nicotine  bentonite  and  mineral  oil  (Plots  18  and 
20)  the  DDT  spray  deposits  were  more  effective  when  fresh  but  only  3  of 
the  mixtures  were  more  effective  after  periods  of  weathering. 

Contrary  to  expectations  the  1:9  DDT-Pyrax  dry  mix  (27)  proved 
superior  to  the  1:1:2  DDT-Pyrax-water  paste  (21),    This  is  another  of  the 
reasons  we  suspect  the  latter  of  not  being  as  effective  as  a  properly  pre- 
pared 1:1  dry  mixture  such  as  used  in  19^3*    The  results  on  Plot  2k  where 
oil  and  bentonite  were  added  were  outstanding,  particularly  after  the  heevy 
rainfall  late  in  August,  likewise  the  results  on  Plot  26  where  bordeaux 
was  added.    These  results  also  suggest  that  the  1:1:2  paste  when  used  alone 


was  not  so  effective  as  the  19^3  material.    The  latter  withstood  rainy 
weather  in  early  SeT  tember  19^3.  o-ver  a  longer  period  of  weathering, 
better  than  any  treatment  did  in  19^^  except  Nob.  2k  and  26. 

The  DDT-water  paste  (22  and  22A)  gave  slightly  better  re8\ilts  when 
groTind  for  2U  hours  than  1  hour.    The  difference  between  these  plots  in- 
creased toward  the  end  of  the  season.     Furthermore,  after  June  30  the 
DDT-water' paste  (2k  ho\ir  grind)  remained  superior  to  the  1:1  ;2  DDT-Pyrax- 
water  paste.     In  Jxine  it  had  lost  efficiency  much  more  rapidly  during 
the  interspray  periods. 

In  this  series  of  tests  the  efficiency  of  DIT  mixtures  declined 
much  more  rapidly  after  the  last  spray  than  occurred  on  Rome  Beauty. 
Varietal  differpnces,  p£.rtic\ilarly  with  regard  to  the  amount  of  wax  being 
formed  during  the  period,  may  have  been  responsible,    A  dashing  rain  of 
1.0^  inches  lasting  about  30  minutes  began  about  1  hour  after  the  comple- 
tion of  the  final  cover  spray  on  the  Grimes.     Six  DDT  spray  plots  which 
before  this  spray  averaged  8,5  ncmg*         pe^  sq.  cm,  averaged  only  8,2  after 
the  rain,  yet  retained  7.7  ^o^-  at  harvest  after  additional  rains  of  U.63 
inches.    The  final  loss  was  less  than  was  accovmted  for  by  growth  alone. 
Despite  the  removal  by  the  first  rsin  of  more  DDT  than  was  put  on  in  the 
last  application,  the  averege  efficiency  increased  slightly  from  87  to  89 
percent  but  declined  thereafter  to  65.6  percent.     It  is  concluded  from 
this  and  the  visible  accumulation  of  DLT  aroxind  stems  that  there  was  con- 
siderable removal  of  DDT  residues  from  foliage  and  fruit  siirfaces  and 
redeposition  in  the  stem  basins  during  the  rainy  periods. 

The  DDT-kaolin  dry  mixture  (see  page  39)  apr)lied  to  part  of 

Plot  21  in  the  last  2  sprays.     Its  performance  before  the  final  spray  did 
not  significantly  differ  from  that  of  Plot  21.     However,  altho\Jgh  it  was 
the  last  plot  sprayed  before  the  l.OU-inch  rain  and  was  barely  dry  it 
showed  an  increase  of  U.5  mirgs,  per  sq.  cm.  in  deposit  and  1^.1  percent 
in  efficiency.     Its  efficiency  dropped  from  99  ^n<i  67  percent  during  the 
final  period  compared  to  a  decline  from  87  to  kG  on  Plot  21. 

A  separate  series  of  tests  was  started  on  Plot  20  (nicotine  bentonite) 
beginning  with  the  fifth  cover  spray.    These  sub-plots  all  received  DDT 
in  5  sprays,  the  final  being  applied  on  A^jgust  28,    The  final  sample  was 
taken  September  6.     The  residual  efficiency  on  June  29  of  the  first-brood 
nicotine  bentonite  sprays  was  87  percent.     The  average  efficiencies  of 
fresh  and  weathered  DDT  deposits  follow: 


Quantities  per  100  gallons 

0-1  day 
after 
sprays 

9-17  days 
after 
sprays 

Aug.  28 
after  5. 07" 
rainfall 

1.     T:DT-water  (40:60)  paste  (1 

.2  lb,  DDT) 

92 

7k 

kl 

1 

51 

2.    No.  1  +  2  lb.  PC 

9k 

77 

3.     Mo,  1  +  1  q.t.  SO  and  1  lb. 

KWK 

90 

69 

59 

k.    No.  1  +  0.5  oz.  Dreft 

91 

68 

37 

5.     DDT  concentrate  (1/2  lb.) 
1  pt,  benzene,  emulsified 

dissolved  in 
with  1/2  oz. 

95 

69 

5U 

Kohm  «nQ  Haas  1956 
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PC  (para  chloro  ortho  nitro  acetan^lid)  was  added  to  DDT  (2)  for  the 
control  of  European  red  mite  and  may  have  been  partly  toxic  to  codling 
moth.     Crude  phosphatides  in  the  soybean  oil  caused  the  soybean  oil-DDT 
mixture  (3)  to  break  in  the  tank  during  the  application  of  the  first  two 
sprays  when  the  bentonite  was  used  at  l/U  poxind  and  1/2  pound  respectively. 

Among  the  Grimes  plots  which  were  discontinued  was  one  receiving  1/2 
pound  DDT-P,  1/2  pound  KWK,  l/2  potuid  Ferraate,  6  oiinces  CSCP,  and  1  pint  to 
1  quart  }01  oil  per  100  gallons.    The  first  application  severely  burned 
foliage  inside  the  tree  and  on  lower  breanches  and  stopped  growth  of  the 
fruit.    The  second  application  added  to  the  injury  and  nearly  half  the 
crop  dropped.    The  reason  for  the  injury  is  not  clear,  since  each  ingre- 
dient has  been  used  with  DDT  in  other  formulas  without  injury.    It  is  sus- 
pected, however,  that  there  was  a  reaction  between  DPT  and  Fermate. 

PN  (para  nitro  acetanalicQ  first  at  2,  then  3  pounds  per  100  gallons 
supplemented  with  kaolin  or  Bancroft  clay  proved  ineffective  against  codling 
moth  and  was  discontinued  after  6  cover  sprays.    The  average  larvicidal 
efficiency  of  its  fresh  deposits  was  56  percent  and  of  its  weathered  de- 
posits only  28  percent. 


In  tests  on  Rome  Beauty  and  Turley  both  nicotine  and  DDT  residues  on 
foliage  prevented  most  larvae  from  reaching  or  entering  unsprayed  apples 
tied  near  the  base  of  leaves  on  which  newly  hatched  larvae  we're  placed. 
Fresh  deposits  were  extremely  effective. 

Two  experiments  were  conducted  in  June  and  July,  one  on  fresh  deposits, 
the  other  after  10  days  of  weathering.    For  each  test  50  apples  and  5OO 
newly  hatched  larvae  were  used,  2  larvae  being  placed  on  each  of  the  5  leaves 
nearest  the  apple.    Only  1  apple  was  used  per  twig.    The  results  follow: 


Comparative  Efficiency  of  Foliage  Deposits 


Treatment 


Worm  entrances  in  unsprayed  apples 
Fresh  deposits    Weathered  deposits 
on  foliage  on  foliage 


Percent  Percent 


Unsprayed  foliage  (check) 


2k, S 


27. g 


Standard  lead  arsenate 


25.U 


XllO  bent 


•  > 


Nic 


• » 


oil 


2.6 


9.2 


DDT-P  (1  lb.  DDT  per  100  gal.). 


0.2 


8.0 
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Field  Testa  of  Insecticides  on  Randomized  Plots 

Rome  Beauty  (7  single-tree  replicates  per  plot) 

Infestation  d^ta  representing  all  drops  and  picked  fruit  on  l6 
treatments  including  the  10  listed  in  table  1  are  summarized  in  table  U. 
The  plots  were  arranged  in  an  11  x  IJ  row  block  with  the  trees  set  x 
UO,    Two  of  the  11  rows  crossing  the  middle  of  the  block  were  of  the 
Turley  variety  and  were  divided  into  a  separate  series  of  plots. 

Twenty  bait  traps  distributed  in  trees  sprayed  by  the  grower  along 
two  sides  of  the  area  capttired  18,800  moths  during  the  season  compared 
to  9,000  in  19^3.     In  19^3  the  fruit  on  experimental  plots  in  this  area  ranged 
from  66  to  91  percent  clean.    The  average  plot  yields  ranged  from  3,U00 
to  U,600  apples  per  tree.    In  I9UU  the  plot  yields  ranged  from  1,500  to 
2,500  apples  per  tree  and  the  fruit  from  12  to  90  percent  clean. 
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T&ble  A*  Results  of  ^lall  Plot  Field  Tests  on  Rome  Beauty.  Vincennes,  lad.  194^4 
 (Plots  numbered  same  as  1»  T&ble  1)   


Materials  per  100  gals 
Cover     (DDT  given  as  amount 
Plot  Sprays      of  concentrate) 


1. 


2. 
3. 


4< 


7. 
5. 


6, 


8. 


9. 


Average  per  ^g^'^ffQ^al  ITfttfl  Worms  and 
^V^^  JUP't  S2   Clean  Wormy  stings  per 

waisa  .SUaga  ABslaa  smL^  W ,  w^ea 

iNo.)    (Wo.)    (»7   (3«)  (Ho.) 


7-day  it  lb.LA,i;  Ib.Li.,  10  Ib.S 

1  A  lb.LA,Bdx.-l/2,4  oz.SP 

Z'A  A  lb.LA,Bdx.'.l/2,2  qt.MO 

5-10  3  lb.LA,Bd3c.-l/2 

Same  as  PI.  1  except  2  oz,  1ST 
added  and  301  oil  substituted  for  MO 

7-day   A  lb.LA,A.  Ib.Li.,  10  Ib.S 
1-2      Same  as  Pl.l  +  A  oa.DDT-P 
2  lb.I.A,Bdx.-.l/2,2  qt.  MO, 
A  oz.DDT 
2  lb.U,Bdx.-l/2,A  oz.DDT 


3-^ 
5-10 
1 


1  pt.nic.,8  Ib.PC,!  pt. 
301  oil, 8  oa.CSCP,l/2  lb. 
permate 

2        1  pt.nic.,8  lb.PC,2  qt.301 
oU,8  oz.OSCP,  ^^xM.f*'^^^ 

3-5      1  pt.nic.,8  lb. PC, 2  qt. 
301  oil, 8  oz.CSCP 

6-8      2/3  pt.nic.,5  lb.PC,2  qt. 
301  oil 

9-10     1  pt.nic.,8  lb.PC,2  qt. 
301  oil 

Same  as  PI.  A  except  IllO 
substituted  for  PC 

1-  5  1  pt.nic.,5  Ib.KWK,!  qt.SO 
6-7      2/3  pt.nic, 3-1/3  lb.  KWK, 

1  qt.  SO 

8-10     2/3  pt.  nic.,1/2  lb.  KWK, 
3  qt.  301  oil 

1        I  pt.nic.,8  Ib.XllOjl  pt.MO 

2-  5,^    1  pt.nic.,8  Ib.XUO, 
<^fi0     2  qt.  MO 

6-8       2/3  pt.nic.,5  Ib.XUO, 

2  qt,  MO 

1        1  pt.nic.,8  Ib.XllO,!  pt.SO 
2-10     Same  as  PI.  6    except  1  qt. 
SO  substituted  for  tbe  MO 

1        1  pt.nic.,8  lb.XllO,l  pt.SO 
Z~A      1  pt.nic.,8  lb.X110,2  qt. 
371  oil 

5,9-10  1  pt.nic.,8  lb.XU0,4  qt.SO 
6-8      2/3  pt.nic.,5  Ib.XUO, 
2  qt.  371  oil 


36      163    U.5  75.6 


A5 
5 


88 


21A 
82 


16.A 
A9.7 


69.2 
33.7 


7A      129    37.2  55.3 


A7      U8    42.6  49.9 


155    AA.S  AA.A 


46      139    60.3  32.3 


121      199     51.2  39.3 


84      152    66.5  26.8 


301 

269 
82 


95 


84 


84 


52 


64 


42 
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Table  L  fcontinuedt  

Materials  per  100  gals^i/ 
Cover     (DDT  given    as  amount 
PlQt  sprays     of  concentrate)  ^ 


10.  1-2 

3-10 


15. 


1 
2 

3-10 


11.  1-5, 

9-10 
6 

7 

8 

12.  1-5, 

9-10 
6-8 

13.  1-5. 

9-10 
6 
7 
8 

U.  1-5, 
9-10 
6-8 


Same  as  PI.  7 

1/2  pt.nic.,^  Ib.niO, 

2  qt.  301  oil, 8  oz.CSCP, 

3  oz.ZS   

^Ib.MDM,!  pt.301  oil, 

6  oz.CSCP 
6  lb.MDM,2  qt.301  oil, 

6  oz.CSCP 
3  lb.MDM,2  qt.301  oil, 

4.  oz.CSCP 

3/U  lb.  DDT-P 

1/2  lb. DDT-P, oz.KWK, 

2  qt.MO 

1/2  lb.DDT-P,4  oz.KWK 

3  qt.MO 
1/2  lb, DDT-P 

1  lb.  DDT-P 

2/3  lb. DDT-P 

1-1/2  lb.  DDT-P 

1  lb.DDT-P,4  oz,KWK,2  qt.MO 
1  Ib.DDT-P,-^  oz.KWK,3  qt.MO 
1  Ib.DDT-P 

1  Ib.DDT  (1  hr.  grind) 
2/3  lb.  DDT  (1  hr.  grind) 


Average  per   Seasonal  Dal^  Worms  and 

tree  Jiine  22    Clean   Wormy  stings  per 

jorni  S^iq^s  »pplg3  app^Qg  100  apples 
(No.)    (No.)     {%)        {%)  (No.) 


72       93     36.7  55.2 


38       69     57.6  36.1 


12       60     62.8  13.8 


6        53     67.2  18,0 


7        55     90.1  1.8 


17       63     45.7  33.2 


95 


58 


55 


45 


12 


85 


31.    Same  as  PI.  12  on  small  replants. 

(206  apples  per  tree)  —        —     42.0     26.7  90 

32     1-2       2  lb.  PN 

3-10     3  lb.  PN  —     13.7     82.1  176 

(Comparable  to  PI.  31  only, 

734  apples  Per  tree!  „  

l/  All  nicotine  and  DDT  plots  received  10  lb.  S  in  a  7-day  spray.  One  half 
naphthylene  acetic  acid  solution  per  100  gals,  was  included  in  10th  spray 
on  all  plots. 
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Outstanding  control  of  first-brood  worms  was  effected  "by  all  the 
formulas  containing  DDT  (3,  11,  12,  I3.  1^).    Ranking  next  were  the  lead 
arsenate  and  nicotine  treatments  (except  Plot  9)  which  received  1/2  percent 
mineral  oil  in  the  second,  third,  and  fourth  cover  sprays.    Plots  5.  8,  and 
9  gave  the  poorest  results  in  the  first-brood  period,  the  first  2  because 
of  their  comparatively  low  ovicidal  efficiency  and  9  because  of  a  lower 
larvicidal  efficiency.    The  heavier  oil  used  on  Plot  9  produced  a  very 
spotted  coverage  until  several  sprays  were  applied. 

Because  of  the  early  and  concentrated  attack  beginning  at  the  time  of 
the  second  cover  spray,  formulas  having  a  high  ovicidal  value  were  more 
efficient  in  I9UU  than  usual. 

The  use  of  DDT  as  a  fortifying  agent  for  lead  arsenate  was  suggested 
by  the  performance  of  DDT  when  applied  over  lead  arsenate  residues  in  19^3 
and  by  the  results  of  subsequent  laboratory  tests..    Substitution  of  k  ounces 
DDT  for  1  to  2  pounds  of  lead  arsenate  in  the  standard  lead  arsenate  formula 
reduced  wormy  fruit  more  than  one-half  and  gave  as  good  results  as  a  straight 
DDT-paste  (l4)  at  1  pound  DDT  per  100  gallons. 

Although  control  was  unsatisfactory  all  the  nicotine  bentonite  treat- 
ments were  much  superior  to  standard  lead  arsenate.    The  infestation  on 
Plots  1  and  2  was  close  to  the  saturation  point  with  70  percent  of  the  crop 
falling  to  the  ground. 

The  results  with  Plots  U  and  7  again,  as  in  previous  years,  sijggest 
that  the  XllO  brand  of  Mississippi  bentonite  is  slightly  more  effective  than 
the  Panther  Creek,     In  19^3  the  raw  3OI  oil  was  much  superior  to  the  ready 
mix  type.    The  reverse  was  true  in  19^  (Plot  6  vs.  7)  but  the  use  of 
Fermate  and  soybean  phosphatides  with  the  raw  oil  may  have  reduced  the 
effectiveness  of  the  formula.    Substitution  of  soybean  oil  on  Plot  8  and 
in  3  covers  on  Plot  9  reduced  the  adverse  effect  of  too  much  mineral  oil  on 
the  fruit  and  foliage  althotigh  the  fruit  from  Plot  S,  the  most  effective 
nicotine  bentonite  treatment,  was  still  too  oily  at  harvest. 

As  shown  by  the  larvicidal  efficiency  tests,  the  use  of  oil  with  DDT 
in  two  sprays  substantially  improved  the  effectiveness  so  that  at  harvest 
the  3/^  pound  formula  (11)  equalled  the  1  pound  formula  (12)  which  received 
no  oil.  Plot  13  with  1,5  pound  DDT  in  7  sprays  and  1  pound  in  3  with  oil 
in  2  gave  remarkable  control  considering  the  intensity  of  the  infestation 
in  the  area.    It  had  only  1.8  percent  wormy  fruit. 

Although  the  DDT  plots  showed  a  considerable  increase  in  stings  late 
in  the  season,  these  sting  injuries  were  very  small  and  inconspicuous. 

The  fruit  on  these  plots,  ranged  in  size  from  128  per  box  on  Plot  6  to 
173  on  Plot  13,    On  other  DDT  plots  where  mite  damage  was  more  severe  than 
on  13  it  ranged  from  lh2  to  155         on  other  nicotine  plots  the  range  was 
from  13^  to  151.    There  is  some  evidence  therefore  that  the  heaviest  DDT 
dosage  reduced  the  size  of  fruit.    Either  the  DDT  or  the  mite  infestation 
was  responsible  for  a  delay  in  maturity  of  Rome  3eauty  wherever  DDT  was 
used  on  this  variety. 

Turley  (5  single  tree  replicates) 

These  were  mature  trees  requiring  35  gallons  spray  material  each  per 
application.      The  results  are  fiven  in  table  5.  
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Materials  per  100  gala*±/        Average  per    Sgaaon^JQ^ta  Worms  and 
Cover  .     (DDT  given  as  amount  tree  June  20    Clean    Hovmy  3tin=,s  per 

Plot  spray^/       of  concentrate)   .  Worms  Stings  apple^  apple^  100  apples 

(No.)  i%)  (No.) 


1.  7-day  A  lb. LA, A  lb.Li.,10  lb,  S 

1  U  lb.LA,Bdx.-l/2,iV  oz.  SF  112       257     2^.1     56.1  208 

2-/+  A  lb.LA,Bdx.-l/2,2  qt.  MO 

5-  10  3  lb. LA,  Bax.-l/2 

2.  l-5,;>      1  lb.  DDT-P 
«-9-10 

6-  7        2/3  lb. DDT-P, Bdx. -1/2,  2  qt.        U        67     71.6     10.8  AO 

301  oil 
a  2/3  lb.  DDT-P 

3.  1  1  pt.nic.,8  Ib.XllO,  1  pt. 

301  oil 

2-  5^;      1  pt.nic.,8  lb.  XUO,  2  qt. 

301  oil  A^        96     67.-4     22.5  40 

6-8        2/3  pt.nic.,5  Ib.XllO,  2  qt. 
301  oil 

A.      1-2        Same  as  Pi.  3 

3-  10      1/2  pt.nic.,4  Ib.XllO,  2  qt.        68       U5     82.9       8.9  20 

301  oil,  A  oz.  DDT-P 

5.  1         3  lb.FPNB,l  pt.  301  oil 

2^/)     3  lb.  F?NB,  2  qt.  301  oil  43      I06     63.9     24.3  55 

^-10 

6-8        2  lb.  FPNB,  2  qt.  301  oil 

6.  1-5        1  pt.  nic.,5  lb.  KWK,  1  qt.SO 

6-10      Same  as  PI.  5  44        182     62.0     25.8  54 

JT^CoveiTspraTS^applied  5/16,  'iz^S^^JlT^TlO,  24,  7/77^20,  8/57^19  and  29. 
2/  Nicotine  and  DDT  plots  received  10  lb.  S  in  a  7-day  spray. 
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The  outstanding  treatment  in  this  series  was  the  mixt\ire  of  DDT 
(h  02.)  and  half  strength  nicotine  bentonite  oil  (Plot  k)  although  it 
is  evident  that  the  DDT  should  have  been  started  with  the  first  cover 
spray.    Before  this  plot  was  split  off  from  Plot  3  it  had  acquired  a 
heavier  infestation.    The  difference  between  the  two  at  the  end  of  first- 
brood  attack  cannot  be  considered  significant* 

This  combination  formula  or  the  lead  arsenate-DDT  formula  (Plot  3, 
table  k)  are  believed  to  be  the  safest  available  at  present  for  grower  use. 
The  DDT  dosages  are  apparently  low  enough  to  avoid  destructive  increases 
in  the  mite  population,  which  is  also  partially  checked  by  the  oil  used 
in  the  formulas. 

In  this  series  of  tests  the  straight  DDT  plot  (2)  proved  twice  as 
effective  as  the  standard  lead  arsenate. 

Despite  the  dry  season  which  was  of  considerable  benefit  to  the 
factory  processed  nicotine  bentonite  (5)  this  material  remained  slightly 
inferior  in  control  of  worm  and  sting  injuries  to  the  tank  mix  Missis- 
sippi bentonite  nicotine  formula  (3)»    The  split  schedule  (6)  was  cheaper 
but  no  more  effective  than  the  full  season  factory  processed  nicotine 
bentonite  schedule. 

Ben  Davis  (6  single-tree  replicates) 

formulas  1,  2,  and  3  in  the  Turley  experiments  were  repeated  on  a 
nearby  block  of  Ben  Davis  and  6  variations  of  the  tank  mix  Mississippi 
bentonite  nicotine  formula  added.    The  block  was  three  rows  wide  and 
bordered  by  Duchess  along  one  side  from  whidi  a  heavy  flight  of  moths 
came  after  Duchess  harvest  in  July. 

Treatments  and  results  are  given  in  table  6. 
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Table  6.    aeaulta  of  SmalX  Plat  Field  Tests  on  Ben  navis.  vinc.er^n^s.  Ind.  IQZ^ 
Materials  per  100  gals.  Average  per    Seasonal  Data  Worms  and 

Cover     (DDT  given  as  amount  tree  June  23    Clean   Wora/  stings  per 

f\ot  spray  CPOg^Q^L^"^^}   Wor/^s  stings  Apples  Apples 


rNo.)    (No.)    (f)^  {%) 


1.  1        4.  lb.U,Bdx.-l/2,ii  oz.SP 

A  lb.LA,Bdx.-l/2,2  qt.MO  50       198     10.2  73./* 

5-  10     3  Ib.LA,  Bdx.-l/2 

2.  1-5,      1  lb.  MH-P 

9-10 

6-  7      2/3  lb.DDT-P,Bdx.-l/2,  2  qt.        6        70     70.A      8.9  a 

301  oil 
8        2/3  Ib^DDT-P 

3.  1        1  pt.nic.,8  lb.XllO,l  pt. 

301  oil 

2-5,     1  pt.nic.,8  lb.  mo,2  qt. 
9-10      301  oil  52      135     37.2     51.2  105 

6-8      2/3  pt.nic.,5  Ib.XllO,  2  qt. 
301  oil 

4.  1-10     Same  as  PI.  3  except  370 

oil  substituted  for  301  4L      117     41.0     46. 5  92 

5.  1-10     Same  as  Pi.  3  -  cept  371 

oil  substituted  for  301  45      114     56,6     34.9  56 

6.  I-IO     Same  as  Pl.  3  except  501 

oil  substituted  for  301  89       I89     35.2     53.4  108 

7.  1-10     Same  as  Pl.  3  except  1  qt. 

SO  substituted  for  301  79       271     56.4     29.8  63 

8.  1-10     Same  as  Pl.  7  except  PC 

substituted  for  xllO  64       213     55.5     32.2  60 

9.  1-10     Same  as  Pl.  3  except  2  oz. 

1ST  substituted  for  301         156       287     46.2     40.6  77 


In  the  control  of  first-brood  worms  lead  arsenate  was  equal  to 
the  nicotine  bentonite  forHWilas,    Plot  9  (nicotine  bentonite  with  a  small 
amount  of  spreader  substituted  for  oil)  was  least  effectire  against 
first-broo°d  worms  but  it  gave  better  results  thereafter  than  the  30I 
501  oils.    Oils  301,  370,  371 •  and  501  sell  in  55  gallon  drums  from  I7 
to  38  cents  per  gallon  compared  to  around  60  cents  for  the  emulsive  type. 
The  excellent  emulsifying  property  of  nicotine  bentonite  and  evidence 
that  cheaper  raw  oils  of  lower  unsulfonatable  residue  content  could  be 
used  with  greater  safety  than  possible  in  lead  arsenate  formulas  made 
it  advisable  to  test  several  of  this  type.    Except  for  the  J2  viscosity 
oil  they  were  inferior  at  l/2  percent  to  soybeaji  oil  at  l/h  percent. 
However,  some  evidence  has  been  obtained  which  indicates  that  no  one  oil 
among  those  tested  will  give  the  best  results  on  all  varieties.  For 
example,  on  a  waxy  variety  like  Rome  Beauty  soybean  oil  or  emulsive  type 
mineral  oils  may  be  best  for  use  with  nicotine  bentonite,  while  on  an 
easily  wet  variety  like  Turley  the  raw  oils  with  less  spreading  action 
have  given  the  best  results. 

Both  brands  of  Mississippis  bentonite  used  in  these  tests  have  been 
fotmd  to  contain  a  small  percentage  of  sand-like  abrasive  material. 
Growers  using  conventional  portable  sprayers  have  reported  no  unusual 
wear  but  in  stationary  plants  where  as  much  as  k  tons  of  bentonite  have 
been  used  per  application  there  has  been  considerable  wear  on  valves, 
seats  and  pressure  regulator  stems  requiring  their  replacement  one  or 
more  times  per  application.    The  wear  is  greatest  where  there  is  exces- 
sive overflow  or  very  high  pressures  are  used.    Considerable  wear  on 
nousles  of  a  Speed  Sprayer  has  also  been  reported  by  one  owner. 

Spray  Injury 

Considerable  foliage  injury  developed  on  the  Rome  Beauty,  Grimes, 
and  Ben  Davis  lead  arsenate  plots.    Because  of  this  and  the  heavy  worm 
attack  these  plots  dropped  fO  percent  of  their  crop. 

On  nearly  all  plots  on  which  oil  was  used  some  foliage  injury 
developed  after  the  second  cover  spray  in  lower  parts  of  trees  where 
sulfur  residues  remained.    The  foliage  on  Ben  Davis  trees  sprayed  with 
the  soybean  oil  formulas  also  developed  some  injury  but  it  is  not  certain 
that  the  oil  was  directly  responsible.    The  four  raw  oils  produced  no  in- 
jury although  No,  371  has  in  previous  years.    No  foliage  injury  could  be 
attributed  directly  to  DDT  although  serious  broniing  developed  as  a  re- 
sult of  mite  infestations  on  most  DDT  plots. 

Large  Scale  Test  of  DDT 

With  the  cooperation  of  the  W,  C,  Reed  &  Son  Orchard  Co,  we  were 
able  to  set  up  a  large  scale  test  of  DDT. 

The  areas  used  were  in  one  of  the  most  heavily  infested  sections  of 
the  orchard.    In  19^3  under  a  10  cover  spray  lead  areenate-oil-bordeaux 
program  Winesaps  at  one  end  of  the  block  averaged  nearly  1  worm  per  apple. 
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All  sprays  were  applied  by  the  grower's  regular  orchard  crew  from 
a  central  stationary  spray  plant.    The  S-acre  (12  x  18  row)  DDT  area  was 
eurroTinded  on  3  sides  by  similar  varieties  sprayed  with  a  tank-mix 
Mississippi  bentonite  nicotine-oil  program,  the  same  as  applied  to  the 
remainder  of  the  265-acre  orchard.    In  the  small  plot  tests  approximately 
the  same  nicotine  program  was  2  to  3  times  as  effective  as  the  standard 
lead  arsenate.    The  worm  population  in  this  orchard  has  acquired  a  greater 
than  average  ability  to  enter  fruit  sprayed  with  lead  arsenate. 

A  \iniform  calyx  application  of  3»2  pounds  lead  arsenate,  U.8  pounds 
bentonite- sulfur,  I5  pounds  lime,  and  0.3  gallon  liquid  lime  sulfur  was 
applied  to  the  entire  orchard  April  29  to  May  U  followed  by  another  of 
the  same  formula  except  for  omission  of  the  liquid  lime  sulftir  on  May  5-10. 

Ten  cover  sprays  of  the  DDT-P  mixture  were  applied  to  the  DDT  area 
between  May  If  and  August  29,  the  first  5  at  1  pound  of  DDT  per  100  gallons, 
the  last  5  at  3/^  pound.    A  weak  bordeaux  and  3/^  percent  301  oil  was 
added  to  the  sixth  cover  and  the  bordeaux  alone  to  the  seventh  in  half  of 
the  block  (Jonathan,  Golden  Delicious,  part  of  Rome  Beauty,  and  Starking) . 

The  nicoti".e  area  was  fiven  11  cover  sprays  and  2  top-off s  (5  gallons 
per  tree)  between  May  I7  and  August  28,     In  6  of  the  covers  the  nicotine 
was  used  at  1  pint  per  100  gallons  and  in  6  at  O.7  to  0.8  pint.  Soybean 
oil  was  substituted  for  3OI  oil  in  the  first,  fifth,  and  last,  and  Fermate 
was  included  in  the  first. 

The  U  men  comprising  the  spray  crew  in  the  DDT  area  and  these  with 
U  more  in  the  nicotine  area  differed  considerably  in  the  thoroughness  of 
their  spraying  and  the  amount  of  material  applied.    For  example,  in  the 
DDT  area  the  Jonathan  sprayed  by  one  of  the  men  averaged  2k  percent  wormy 
while  those  sprayed  by  another  averaged  only  8  percent.    The  original  in- 
festation was  uniform.    The  amount  of  spray  material  used  in  both  areas 
averaged  about  20  percent  less  than  we  consider  necessary  for  thorough 
coverage.    This,  along  with  a  light  crop  on  Starking  and  C-olden  Delicious, 
the  tendency  of  most  of  the  varieties  this  year  to  set  fruit  in  clusters, 
and  a  heavy  carryover  of  hibernating  worms  in  pruning  stubs,  cavities, 
and  ground  debris  (the  trees  had  been  scraped)  resulted  in  a  very  heavy 
infestation. 

The  results  of  infestation  data  representing  all  drops  and  picks 
from  70  trees  (6  of  each  variety  in  the  DDT  area  and  4  of  each  on  opposite 
sides  in  the  nicotine  area)  are  summarized  in  table  J, 


Tabid  7.-  Besnlts  of  Large  Scale  Comparison  of  DDT  and  Nicotine  Bentonite. 
Vincennes,  Ind,  I9HU 


Seasonal  Data  

Injuries  per  "  Average  per 

Apples    Apples     tree  6/20       Clean   Wormy    100  apples 

Treatment  Tariety 


(Ho.) 

(NoO 

(No.) 

(No.) 

w 

(No.) 

(No.) 

DDT  St&rking 

1,356 

116 

kj 

10k 

Sk.k 

2U.3 

36 

22 

Jonathan 

3.333 

22^ 

66 

101 

72.2 

16.0 

20 

16 

u.  Del.. 

l.*^73 

bl.l 

15-7 

19 

38 

Grimes 

7.7S7 

2UH 

209 

^59 

61.1 

18.8 

25 

32 

Rome 

^.273 

199 

112 

131 

75.7 

12.2 

15 

18 

Average 

3.64U 

186 

66.9 

I7.H 

23 

27 

N.S.  Starking 

1.170 

119 

127 

150 

27.5 

66.9 

lll^ 

27 

Jonathan 

2,866 

225 

158 

160 

39.6 

U8.2 

65 

29 

G.  Del. 

l.UlU 

137 

61.0 

31.3 

ki 

Ik 

Grimes 

6,89^ 

216 

258 

his 

Sl.k 

31.0 

36 

13 

Rome 

^.192 

200 

369 

472 

36.6 

57.8 

86 

17 

Average 

3.307 

179 

U5.2 

U7.O 

'  68 

20 

There  was  no  significant  difference  in  the  effect  of  the  treatments 
on  fruit  size  although  the  maturity  of  Rome  Beauty  in  the  DDT  area  was  de- 
layed.   The  least  difference  in  percent  worioy  fruit  occurred  on  Grimes 
probahly  because,  as  shown  in  laboratory- field  tests,  DDT  did  not  resist 
weathierlng  so  well  as  on  Grimes,  while  nicotine  bentonite  holds  rxp  as  well 
on  Grimes  as  any  variety.    The  greatest  difference  occurred  on  Rome  Beauty, 
on  which  DDT  held  up  extremely  well  late  in  the  season,  although  harvest 
was  not  completed  until  50  days  after  the  final  spray  and  worms  were  still 
hatching  more  than  ko  days  after. 

Although  from  1/3  to  l/2  as  much  fruit  in  the  DDT  area  was  woriqr  as 
compared  to  the  nicotine  area  more  of  it  was  stung. 

The  first-brood  infestation  was  unustially  heavy  but  movt  of  it  was 
located  in  the  tops  of  high  trees  or  inside  clusters.    No  first-brood 
worms  were  found  on  well-sprayed  surfaces. 

Fifty-two  traps  were  distributed  uniformly  throughout  the  DDT  and 
adjacent  nicotine  areas.    The  catch- approximated  36,500  moths,  divided  as 
follows: 


Moths  captured  per 

trap 

5/2-6/2U 

6/25-8/5  8/6-5/2 

?/?-?o 

Season 

Period 

1 

k 

DDT 

226 

110  155 

69 

560 

N.B. 

228 

227  229 

81 

766 
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The  spring  brood  popolatlonB  as  indicated  by  the  catches  were  of 
equal  size  in  the  two  areas.    Better  control  of  first-hrood  worms  resulted 
in  a  substantial  reduction  in  first- and  second-brood  adults  in  the  DDT 
area.    However,  traps  nearest  the  nicotine  areas,  althoxigh  they  caught  the 
same  number  of  spring-brood  moths  as  those  in  the  center  of  the  DDT  block, 
caught  33  percent  fewer  first-brood  moths  during  the  second  period  and  22 
percent  fewer  second-brood  moths  during  the  third  period.    Traps  in  the  3 
rows  on  either  side  of  the  DDT  area  averaged  260  spring-brood  moths  com- 
pared to  219  in  those  farther  away  but  they  caught  12  percent  less  d\iring 
the  second  period.    This  is  a  strong  indication  that  there  was  considerable 
moth  migration  into  at  least  half  of  the  DDT  area  after  a  difference  in 
the  infestation  had  been  obtained. 

The  application  of  the  nicotine  bentonite  sprays  reduced  moth  catches 
immediately,  while  the  effect  from  DDT  sprays  was  not  detectable  until  2 
or  3  days  later.  The  effect  of  the  two  insecticides  on  moth  abundance  over 
a  longer  period  of  time  (as  indicated  by  trap  catches)  was  approximately 
equal.  There  was  no  noticeable  difference  between  the  two  treatments  in 
catches  of  diptera  and  crysopids.  Both  were  as  abundant  as  usual  in  all 
traps . 

Sffect  of  DDT  on  Other  Insects 

The  total  absence  or  very  low  populations  of  aphids  on  trees  sprayed 
with  DDT  in  I9U3  was  reported  in  the  Journal  of  Economic  Entomology,  Vol. 
36,  pp.  560-561,  August  I9UU,    Observations  in  I9U4  Indicate  that  DDT  as 
used  this  season  has  in  no  case  entirely  prevented  the  deposition  of  aphid 
eggs.     It  appears  to  have  reduced  it  on  Plot  13  (Table  U)  but  early  de- 
foliation caused  by  mite  damage  has  reduced  it  even  more  by  removing  the 
immature  egg  laying  form  from  the  trees.    Early  defoliation  occurred  on 
Grimes  in  19^3        not  on  Winesap  where  the  spring  aphid  popxdation  was 
also  nearly  eliminated  by  DDT. 

As  in  19^3 t  nlte  infestations  increased  wherever  DDT  was  used. 
Although  the  European  red  mite  became  noticeably  abundant  on  some  trees 
in  the  8-acre  DDT  area  in  early  July  and  the  common  red  spider  appeared 
later  that  month  the  lady  bird  beetle  Stethorus  punctum  moved  in  and 
partially  checked  the  mites.    Some  bronzing  occurred  on  Golden  Delicious » 
scattered  Starking  and  most  Rome  Beauty  trees,  but  very  little  appeared 
on  Grimes  or  Jonathem.    The  same  delayed  maturity  of  Homes  was  noted  here 
as  in  the  small  plot  tests.    Apparently  the  relatively  low  DDT  deposits 
which  resulted  from  the  use  of  an  insufficient  nximber  of  gallons  spray 
material  per  tree  permitted  enough  survival  of  mite  predators  to  avoid  a 
serious  outbreak.    The  population  of  mites  was  siif f iciently  heavy,  however, 
to  maintain  a  constant  potential  menace.    It  averaged  I9  mites  and  102 
eggs  per  leaf  on  Golden  Delicious  in  one  part  of  the  block  on  July  20. 
Three-fourths  percent  summer  oil  added  to  the  DDT  spray  applied  to  that 
part  of  the  area  left  a  population  of  18  mites  and  77  eggs  on  July  25. 
Mites  were  very  scarce  in  the  nicotine  area. 

In  the  laboratory- field  setup  on  Grimes  the  DDT  dusts  were  more 
toxic  to  beneficial  insects  than  the  sprays.    Both,  however,  knocked  down 
ladybird  beetles,  crysopids,  the  anthocorid  mite  predator  Triphleps 
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meldlotts  Sa7,  tyrphid  flies  and  many  others.    The  more  effectire  DDT 
treataentt  also  appeared  toxic  to  Stethoms  ptmctum  which,  howerer,  was 
quite  abmdant  on  plots  where  DDT  deposits  were  relatively  low. 

On  Jtdy  ^  one  of  the  dusted  plQts  averaged  23S  mites  and  eggs  per 
leaf,  the  DDT-paste  plot  258  (where  DDT  had  heen  used  in  I9H3)  the  standard 
DDT-pyrophyllite  65 »  the  same  with  oil  only  10  and  nicotine  bentonite  35. 
Unsprayed  trees  averaged  about  ^O*    The  standard  plot  increased  from  65 
on  J\ily  k  to  357       the  end  of  the  month  and  the  same  with  oil  increased 
to  90*    The  mite  population  began  decreasing  on  the  dust  plots  in  July 
&nd.  on  others  early  in  August.    No  bronzing  of  foliage  occurred  on  the 
oil  plot,  the  only  DDT  plot  in  this  orchard  that  was  not  severely  injured 
by  aites.    At  first  this  was  attributed  to  the  repeated  use  of  l/U  percent 
summer  oil.    The  evidence  indicates,  however,  that  DDT  is  actually  toxic 
enough  to  mites  to  give  good  control  of  them  if  sufficiently  heavy  de- 
posits can  be  maintained.    This  must,  of  course,  be  checked  more  accurately. 

In  the  Bome  Beauty  experisrants  evidence  was  also  obtained  that  if 
used  strong  enough,  DDT  may  partially  control  mites.    The  mite  damage  as 
evidenced  by  the  degree  of  bronzing  was  less  on  plot  I3  (table  k)  than  on 
11,  12,  or  1^.    On  July  7.  plot  11  (3/4  lb.  DDT)  averaged  66  mites  and 
eggs  per  leaf,  plot  12  (1  lb.)  92,  and  plot  I3  (1  l/2  lb.)  only  2k, 

All  DDT  treatments  resulted  in  alBiost  complete  elimination  of  apple 
leaf hoppers  which  were  abundant  on  trees  sprayed  with  lead  arsenate.  The 
same  was  true  of  the  woolly  aphid. 

On  the  Turley  variety,  where  crawlers  of  San  Jose  scale  infested  Uo 
percent  of  the  apples  sprayed  with  lead  arsenate,  those  sprayed  with  DDT 
were  13  percent  infested  euad  those  sprayed  with  the  nicotine  bentonite- 
oll  formulas  only  about  1  percent.    However,  the  DDT  plot  had  been  sprayed 
in  19^3  ^'ith  nicotine  bentonite,  hence  we  cannot  safely  attribute  any 
control  of  San  Jose  crawlers  to  DDT. 

The  foliage  injury  and  early  defoliation  which  developed  in  19^3 
Grimes  sprayed  with  DDT  again  occurred  in  the  same  area  and  to  a  lesser 
extent  on  Home  Beauty  in  the  Reed  orchard.    It  has  been  possible,  however, 
to  prove  rather  conclusively  that  this  resulted  from  mite  damage,  with 
the  drouth  a  possible  contributing  factor.    It  occurred  earliest  on  the 
lower  parts  of  the  dusted  trees  which  had  lower  DDT  deposits  than  sprayed 
trees  but  were  the  first  to  become  severely  bronzed.    It  also  occurred  on 
mite-infested  unsprayed  trees  near  DDT  plots.    It  did  not  occur  on  Plot  2k 
(table  3)  which  had  the  heaviest  DDT  loads  but  where  the  adult  mite  popu- 
lation was  held  to  a  very  low  level.    Early  defoliation  was  negligible  on 
the  para  chloro  ortho  nitroacetanalid-DDT  plot  where  mites  were  partially 
checked.    It  occurred  later  on  plot  I3  than  on  14  in  the  Home  Beauty  setnp 
though  well  after  harvest  in  both  cases. 


Removal  of  DDT  Seel dues 

Experiments  with  a  commercial  fruit  brush  and  with  both  laboratory  and 
commercial  type  washing  equipment  using  wash  solutions  of  HCl,  trisodium 
phosphate,  soap,  mineral  oil,  soybean  oil,  kerosene,  sodium  silicate  and 
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wetting  agents  such  as  "Dreft"  or  "Vel'*,  resulted  in  low  percentages  of 
removal  of  DDT  residues  from  fruit  sprayed  with  this  ineecticide.  Brush- 
ing was  still  less  effective.    Vith  one  exception  none  of  the  washing 
solutions  tested  gave  better  than  ^0  percent  renoval. 

The  use  of  mineral  oil  as  a  supplement  for  DDT  in  the  spraj  progrsim 
increased  the  amount  of  residue  amd  decreased  the  percentage  remoTed  by 
the  cleaning  methods  tested. 

In  a  laboratory  washing  test  a  heated  (110*  ?. )  oil  emolsloB  gave 
poorer  results  than  the  tame  mixture  when  used  at  80*. 

The  magnitude  of  DDT  residues  resulting  from  DDT  formulas  that  were 
extremely  effective  against  the  codling  moth  did  not  exceed  0.10  gr.  per 
potmd  of  fruit. 

In  residue  distribution  studies »  from  l6  to  2^  percent  of  the  DDT 
present  on  fruit  early  in  September  was  found  around  the  stem  on  U  percent 
of  the  total  surface  area. 


In  a  continuation  of  a  field  test  begun  in  19^3 •         same  four  3*6 
acre  or  8  x  20  tree  blocks  (orchard  8  rows  wide)  were  again  employed,  but 
the  two  used  as  checks  in  19^3  vere  given  the  dusk  spray  treatments  la 
1944  and  the  others,  treated  in  19^3*  w^re  used  as  checks. 

The  entire  orchard  was  uniformly  sprayed  in  the  conventional  manner 
by  the  grower  who  used  lead  arsenate  until  mid  June,  then  changed  to  fac- 
tory processed  nicotine  bentonite  and  finally  (in  the  last  2  applications) 
to  tank-mix  Mississippi  bentonite-nicotine-oil. 

The  experimental  sprays  of  1-1200  nicotine  sulfate  (4o^)-wpter 
solution  were  applied  within  a  10  to  13  minute  period  immediately  after 
sunset  and  before  moth  activity  reached  its  peak.    The  trees  were  sprayed 
on  17  evenings  between  May  11  and  June  16,  and  2k  between  June  26  and 
September  2.    An  average  of  approximately  1/2  gallon  per  tree  was  used  in 
each  application.    Sprays  were  applied  by  one  man,  with  the  aid  of  a  de- 
tachable boom  mounted  on  top  of  a  truck-mounted  sprayer.    From  the  top  of 
the  boom  a  cluster  of  U  guns  was  fixed  so  that  two  would  throw  a  coarse 
spray  into  the  tops  of  trees  on  both  sides  of  the  outfit  and  two  were 
directed  downward  toward  the  center  of  the  trees.    A  quick-cut  off  was 
within  reach  of  the  driver. 

Seven  trees,  distributed  across  the  middle  of  each  block,  were  used 
to  provide  infestation  data.    Bait  traps  were  maintained  in  3  others.  The 
results  are  summarised  below t  . 


Ixperiments  with  Moth  Poisons  Applied  at  Dusk 


Blocks 


Codling  moth  injuries  per  100  apples  and  treatment 
Pinal    I9U3  infestation        6/19/44       Final  9/9/^ 


A.  C 

B,  D 


Check  3l4  Treated    34  103 

Treated        182  Cheek       47  I55 
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The  ratio  of  wortat  to  stlnge  was  approximately  1:1.    On  September 
9>  3^*3  percent  of  the  fruit  on  the  treee  in  the  sprayed  area  was  wornj 
compared  to  ^7*8  percent  in  the  check.    In  19'^3  the  dusk  sprays  resulted 
in  an  apparent  reduction  of  ^2  percent  in  worms  and  stings.    In  19^^, 
after  overcoming  the  difference  set  up  in  19^3  (the  lereling  effect  of 
moth  movement  aided  in  this),  the  treatment  effected  a  reduction  of  3''^ 
percent  in  injuries.    If  the  present  infestation  is  compared  with  the  final 
19^3  infestation  the  treated  area  produced  fruit  with  67  percent  fewer 
injuries  than  were  present  there  in  19^3  vhile  the  reduction  in  the  I9U4 
check  area  was  1^  percent. 

The  overall  cost  of  the  operation  approximated  20  cents  per  tree  for 
the  season,  the  average  yield  was  8  bushels,  the  difference  in  wormy  fruit 
13*3  percent  of  the  crop  (clean  fruit-l4  percent)  or  approximately  1  bushel 
per  tree.    The  difference  in  value  of  wormy  and  worm- free  Golden  Delicious 
apples  was  not  less  than  $2.00  per  bushel,  making  a  net  gain  of  $1.80  per 
tree  for  trees  planted  U4  to  the  acre. 

Most  of  the  difference  in  infestation  was  effected  during  May  and 
June  while  lead  arsenate  was  being  used  by  the  grower.    However,  when  areas 
as  email  as  3  or  ^  acres  are  used  the  resistance  to.  expanding  differences 
in  population  density  will  eventually  become  great  enough,  en  account  of 
interplot  moth  movement,  to  slow  down  or  stop  further  gains. 

The  average  nvunber  of  moths  caught  per  trap  by  ^  traps  in  each  area 
follows : 

May     June     July     August    September  Season 

Treated  Ko.  159       ^3        50  173  82  507 

%  3^      w       33  60 

Check    No.  217      59       93         231        98  698 

5^  37      50       61  63  - 

During  the  season  the  treated  areas  caught  35  percent  less  female 
moths  and  22.5  percent  less  males  than  the  cheeks.    It  has  been  shown  by 
previous  work  that  the  females  feed  more  extensively  on  the  nicotine 
solution  than  the  males. 


Investigations  of  Bait  Traps 

Although  112  traps  (double  glass  (luart  Jar  type)  were  operated  during 
the  year  they  were  used  mainly  to  provide  the  information  reported  in  con- 
nection with  insecticide  tests.    Two  ages  of  bait  were  constantly  maintained 
in  all  traps. 

A  comparative  test  was  made  of  the  standard  bait  and  one  modified 
early  in  the  season  to  fit  changing  teaqperature  conditions.    The  coisparative 
catches  (10  traps  of  each)  during  the  season  follow: 


Are rage  ntmber  aothi  per  trap 
Period  5/1-6/3    6/U«6/24   b/25"g/19    8/2O"9/30  Seaion 

Bait  A  U67  U  27U  167  91« 

Bait  B  369  9  2U2  970 

Average  mean  d&lly 

tempera t\ire«  7O.7  77.1  80. 9  69.9 

Bait  A  •  105^  dark  brown  tijgar  +  l/2  cc.  oil  saesafraa  per  qt.  After 
J\ine  3»  1/2  gm.  sodium  arsenite  per  qt.  wae  included. 

Bait  B  -  10^  dark  brown  stigar     l/2  ce.  oil  mace  per  qt,  until  JuM  3* 
Thereafter  1/2  co.  bromo  stjrol,  1/2  gm,  sodium  aurMolte, 
and  1  cc.  nicotine  sulfate  was  substituted  for  tb«  oil  of  amee 


This  was  an  attempt  to  use  bait  formulas  best  fitted  for  tlui  ms^e^ted 
temperatures.    Bromo  stjrol  baits  in  nearly  10  years  of  testing  hare  n«Ttqr 
equalled  oil  of  sassafras  or  oil  of  mace  until  continuad  hot  veathar  ptv^v 
railed.    However,  they  hare  almost  always  been  superior  to  oil  Of  eaaaafrat 

baits  after  July  1. 

Distribution  and  Surviyal  of  Hibernating  Larvaa 

Detailed  eaauilnatlons  to  determine  the  location  of  surTlTla^  larrmo 
were  made  on  10  Vlnasap  trees  In  the  spring  of  T9K    The  trees  had  been 
paired  and  half  were  scraped  In  the  usual  manner  by  the  regular  orchard  crew, 
during  the  winter  months.    The  scrapings  were  caught  and  burned.    Frqpa  skins 
from  larvae  that  escaped  the  scraping  were  counted  on  these  5  trees  and  the 
number  found  was  coiapared  with  the  number  of  larvae  present  on  the  unscraped 
trees  in  order  to  arrive  at  an  estimate  of  the  percentage  of  larvae  actually 
destroyed  by  such  operations.    Detailed  examinations  of  a  total  of  83  trees 
in  previous  years  have  indicated  that  at  least  75  percent  of  the  average 
population  was  in  accessible  locations  on  the  tree  or  in  coarse  ground 
debris.    The  results  of  the  current  observations  are  given  below: 

Distribution  and  average  number  of  overwintering  codling  moth  per  tree 
On  trunk  and  main  limbs, 
principally  under  rough  bark  :Knot8  : 

Ground:0  to  5*5  to  10:Above  :Prunlng:  :  and  : 

line  ;ft.  up:ft.  up  ;10  ft.;  stubs  ;Crevlces;Splltt;OavltlestTotal 

Unscraped 
trees  ex- 
amined late 

in  April         0        42.U      7.^*       3.4       9.U  6.8        6.0       3^.2  IO9.6 

Trees 

scraped 
during 
winter,  ex- 
amined in 

May  and  June  0.6       k,0  l,k       2.6  3.6         7.8       23.0  kj^k 


The  grower  reduced  his  overwintering  population  approximately  57 
percent.    His  men  miesed  approximately  20  percent  of  the  larvae  under  bark 
and  go  percent  of  those  in  cavities,  splits »  and  pruning  stubs.  Probably 
because  the  trees  had  been  scraped  in  the  winter  of  19^2-43  many  of  the 
larvae  were  in  places  difficult  to  reach  by  the  cleanup  crew. 

The  ground  population  averaged  less  than  1  worm  per  tree,  which 
was  the  lowest  ever  recorded  here  for  mature  trees  on  uncultivated  soil. 
However,  rainfall  during  the  pupation  period  was  excessive  and  may  have 
driven  larvae  from  cocoons  in  ground  debris  as  noted  in  previous  years. 
These  may  have  found  the  tree  after  the  scraping  was  done. 


